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Abstract

This research aimed to Evaluating Diversity of Local Yams (Dioscorea spp.) in Nan Province using yields and
nutritional value. To Enhance and develop the potential to add value to commercial production (e.g for use as an
alternative food source), we studied local yams of 30 local yam varieties in Nan Province. The objective was to find
the suitable local and rare varieties for use as substitute food sources and for planting in Nan Province. Local yams
obtained were obtained by collection of samples from a survey of local yams in Nan province and all were identified
to species and scientific names were applied. They were examined by using research and taxonomic documents as

references and planted in test plots. A randomized experimental plan within three blocks was used with 30 replications

" grvWrmans aseInemansuazinaluladnnnses uniinenseinaluladsivsinasiuun Win s9ndaru Usainalne
" Department of Plant Science, Faculty of Science and Agricultural Technology, Rajamangala University of Technology Lanna Nan, Nan,
Thailand

* Corresponding author: landscape@rmutl.ac.th
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in each. The local yam varieties were. - Jao, Khao, Luead, Sa, Yueak, Mee, Neb, Sang, Jaoprao, Aon, Klam, Luead
nok, Ao, Pla, Wai, Klab, Hoo chang, Praoyao, Mue suae, Liam, On, Koo, Sao, Plang, Kong kao, Heb, Kong kee, Hau
chang, Lueang and Prao poo. The results showed that all 30 local yams varieties had a statistically highly significant
difference in yield (P < 0.01). Klam and Luead were the ones that had highest yields with good quality and suitable
to be planting in Nan Province. Yields were 6,638 and 6,517 kg. per rai and there were positive correlations between
yield and fresh weight of tuber and dried weight of tuber is 0.99 and 0.97, respectively. The results of this study can

be applied to enhance production efficiency and serve as supporting data for utilizing the diversity of local yam as an

alternative healthy food source.

Keywords: Growth performances, local yams, Nan province.
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Table 1 Local yam in Dioscorea spp. in Nan Province

No. | Common name | Scientific name

1 Jao Dioscorea hispida Dennst.

2 | Khao Dioscorea birmanica Prain & Burkill

3 | Luead Dioscorea alata L.

4 | Sa Dioscorea filiformis Blume

5 | Yueak Dioscorea depauperata Prain & Burkill

6 | Mee Dioscorea tamariscifiora Prain & Burkill

7 | Neb Dioscorea stemonoides Prain & Burkill

8 | Sang Dioscorea pseudotomentosa Prain &
Burkill

9 | Jaoprao Dioscorea spp.

10 | Aon Dioscorea esculenta (Lour.) Burkill

11 | Klam Dioscorea oryzetorum Prain & Burkill

12 | Luead nok Dioscorea inopinata Prain & Burkill

13 | Ao Dioscorea paradoxa Prain & Burkill
14 | Pla Dioscorea cirrhosa Lour.

15 | Wai Dioscorea decipiens Hook.f.

16 | Klab Dioscorea inopinata Prain & Burkill

17 | Hoo chang Dioscorea nitens Prain & Burkill

18 | Praoyao Dioscorea glabra Roxb.

19 | Mue suae Dioscorea esculenta L.

20 | Liam Dioscorea velutipes Prain & Burkill

21 | On Dioscorea daunea Prain & Burkill

22 | Koo Dioscorea pentaphylla L.

23 | Sao Dioscorea filiformis Blume

24 | Plang Dioscorea hamiltonii Hook.f

25 | Kong kao Dioscorea petelotii Prain & Burkill

26 | Heb Dioscorea gracilipes Prain & Burkill
27 | Kong kee Dioscorea plectranthus rotundifolius

Prain & Burkill

28 | Hau chang Dioscorea rockii Prain & Burkill

29 | Lueang Dioscorea wallichii Hook.f.

30 | Prao poo Dioscorea laurifolia Wall.

(Wilkin & Thapyai, 2009)
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ou 9 lasfianwiuindadu 9.0 uaz 8.7 Mdadu auaeu
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HanAaRadels Auidunwiles 30 Wul Mnandaal
32%I9 3,051-6,638 NlanSudals (Table 2) uazlasiade
Iwanga 4,598 Alansusals lassunaiwazaion 1w
wuifilikanfaiidaligouszuanedrameafi@nuiutan 9
lavlwnandasiisiols 6,638 waz 6,517 nlansusals
anuandiy luvusfidudon (Autaiuan) lWinanda 3,827
Alansusials

Table 2 Yield characteristics and yield components content of 30 Local yam varieties grown in Nan province.

Local yam Fresh weight of Dried weight of
varieties tuber (g/plant) tuber (g/plant) heads/plant Vield (kgirai)
1. Jao 5,783 826 3.0% 4,627"°
2. Khao 7,428° 929" 3.0° 5,977%
3. Luead 8,146° 1,143 2.0° 6,517*
4. Sa 5,526" 737" 4.0° 4,421°"
5. Yueak 7,467° 933™ 3.0° 6,020%
6. Mee 6,833° 933 3.0% 5,787°
7. Neb 5,193% 692" 4.0° 4,154"
8. Sang 5,975% 854° 3.0° 4,780°
9. Jaoprao 7,765 1,109° 2.0° 6,212
10. Aon 4,783" 683" 9.0° 3,827
11. Klam 8,297° 1,185° 2.3° 6,638°
12. Luead nok 4,087 584" 3.3 3,269
13. Ao 4,113 588" 8.7° 3,290
14. Pla 5,910° 844° 4.0° 4,728"°
15. Wai 4,336™ 619™ 4.0° 3,469"
16. Klab 6,733° 962° 3.0% 5,815%
17. Hoo chang 5,730% 819° 3.0 4,599%
18. Praoyao 6,500% 929> 2.0° 5,835%
19. Mue suae 5,932% 847 2.0° 4,650
20. Liam 5,449° 778" 3.0% 4,359%"
21.0n 6,430%° 918" 8.0° 5,144°
22. Koo 3,813 545' 4.0° 3,051"
23. Sao 5,467° 781° 2.0° 4,373°"
24. Plang 4,702" 672" 3.0® 3,761
25. Kong kao 5,433" 776" 3.0° 4,347°"
26. Heb 4,363™ 623" 4.0° 3,490"
27. Kong kee 4,330™ 619™ 3.0" 3,464%"
28. Hau chang 4,193 599" 2.3° 3,3544"
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Table 2 Yield characteristics and yield components content of 30 Local yam varieties grown in Nan province. (Cont.)

Local yam Fresh weight of Dried weight of
heads/plant Yield (kg/rai)

varieties tuber (g/plant) tuber (g/plant)
29. Lueang 5,594% 799% 4.0° 4,475
30. Prao poo 4,396 628% 2.7 3,517
Mean 5,690 799 3.6 4,598
F_test *% *k *% *k
CV (%) 4.7 4.8 6.6 4.1

** = statistically significant difference (P < 0.01); Different letters labeled in the same column showed statistically significant differences

(P < 0.01) using Duncan's New Multiple Range Test.
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et al., (2019) AWLNANIAWVDINANAALAZ AN WIRE T
fu 9 a:ﬁmé’uﬁuﬂ%ammwdwwawﬁmﬁaﬁgaﬁums
Wigidulavesandu 1w USnmaaaliflad Uiy
anurusuzastnly anunieesies anusnm
AfisE UM FNIUENLINTUNAREA LAz TTZRaNS
Lﬁmﬁmwawﬁwﬁﬁmﬂﬁm%’umﬂﬁuf Dioscorea alata L.
ﬁ]:ﬁﬂﬁ"lﬁwawﬁm?hﬁua@ﬁmﬂ%m’hﬂ’mﬁmﬁmlqu
L@82(Tamiru et al., 2008) AINNLTIAN ﬁuﬁfﬁuvﬁmﬁaa
30 ﬁuﬁ: Janugnam 8g32%919 120-480 LTUALUATAD
¢ (Table 3) uazlagiadofinueniion 344 Ludas
dadu laodwdaaun Juifen Jullafe dwdr Tudn
A i TUWNI817 uaziuwinag Li’luﬁufﬁﬁmm
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81301 480, 459, 456, 447, 445, 445, 435, 433 ez 431
LEWALNAIADGAY ATNRIAU 1ummzﬁﬁu§5u 9 Jaue2
0UaANANRUTTUdan (Wugaiugy) Iannue1m
239 LTUALNAT TIWIUAILIUIAD A ﬁuﬁjﬁuﬁmﬁaa 30
Wug ﬁﬁi’wmuﬁaLmu\a@iaﬁuag’iszij 1-4 Aigdindu (Table
3) uazlagiadsfisnunisuruwsdadu 3 Asdadu Taosu
1Haq dwndan Jundl dwaNInI uazaiaawn n
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Table 3 Agricultural characteristics of the 30 Local yam varieties grown in Nan province.

Local yam vine fresh weight  vine dry weight leaf area index Vine length number of branch-
varieties (g/plant) (g/plant) (sq.cm.) (cm/plant) ing/plant (branches)

1. Jao 1,930 391™ 1.2 44%p 2°

2. Khao 2,982° 441" 2.2° 44" 3°

3. Luead 3,437° 726% 2.2° 456 4°

4. Sa 2,763% 551" 2.0° 44%p 3°

5. Yueak 3,193° 657° 2.1° 415 4°

6. Mee 2,962 578° 1.7 350° 4°

7. Neb 3,561° 716° 1.1 419° 3°

8. Sang 422° 268° 1.8 43%p 2°

9. Jaoprao 3,383 660° 1.2 416° 4°

10. Aon 525% 357" 1.3 23°% 2°

11. Klam 3,557° 762° 2.2° 43%p 2°

12. Luead nok 1,072" 188¢ 1.2% 480° 4°

13. Ao 1,628 387™ 1.2% 154° 2°




174 Bunjong Oupkaew and Anucha Chantaraboon

J Sci Technol MSU

Table 3 Agricultural characteristics of the 30 Local yam varieties grown in Nan province. (Cont.)

Local yam vine fresh weight  vine dry weight leaf area index Vine length number of branch-
varieties (g/plant) (g/plant) (sq.cm.) (cm/plant) ing/plant (branches)
14. Pla 676° 146" 1.3 156° 2°
15. Wai 2,637" 482" 1.2 360° 2°
16. Klab 1,349" 376™ 1.2° 239° 2°
17. Hoo chang 1,682 467" 1.4' 269° 2°
18. Praoyao 2,479 519" 1.39 43%p 3°
19. Mue suae 1,100" 133" 2.3 45%p 3°
20. Liam 2,466 414" 1.8° 347° 1¢
21.On 2,945 517" 1.6° 254¢ 2°
22. Koo 2,683" 571% 1.39 12% 2°
23. Sao 2,669" 538%" 1.3 275° 3°
24. Plang 3,222 672° 1.3%" 270° 3°
25. Kong kao 1,870% 374" 1.4' 277° 3°
26. Heb 3,387 719° 1.2 355° 2°
27. Kong kee 2,804"" 5729 2.0° 337° 2°
28. Hau chang 2,862 617 2.0° 356° 2°
29. Lueang 1,233™ 328° 1.2"* 238° 1¢
30. Prao poo 2,863°° 640% 1.4 43"p 2°
Mean 2,345 492 16 344 3
F-test e - - - -
CV (%) 3.3 3.6 3.2 7.1 4.2

** = statistically significant difference (P < 0.01); Different letters labeled in the same column showed statistically significant differences

(P < 0.01) using Duncan's New Multiple Range Test
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@mmdaﬁaﬁuﬁuﬁjﬁu 9 lasfidSunaule 4.6, 4.6, 4.5,
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dau (WugaAIuQu) FUSuauaule 3.8 nSu o 100 nSu
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Table 4 Nutritive value starch, protein and fiber content of 30 local yam varieties grown in Nan province.

Local yam varieties starch content (%)

protein content (%) fiber content (%)

1. Jao 67.2° 9.6° 3.1°
2. Khao 51.6° 11.3% 2.2¢
3. Luead 58.4 11.7%° 4.5°
4. Sa 66.4° 11.3% 2.2¢
5. Yueak 52.3" 8.29" 2.1
6. Mee 47.0° 11.6% 3.8
7. Neb 63.1' 11.6% 3.5
8. Sang 57.1% 6.8 2.8"
9. Jaoprao 57.0¢ 11.6* 4.5°
10. Aon 60.5" 11.6% 3.8
11. Klam 59.8' 7.7 4.4
12. Luead nok 66.4° 9.2" 2.7"
13. Ao 64.4° 8.5" 46°
14. Pla 60.5" 8.8 3.9°
15. Wai 69.4° 10.3° 1.3
16. Klab 59.5 11.9° 3.8
17. Hoo chang 64.2° 8.9" 2.5
18. Praoyao 65.4° 8.8’ 4.6°
19. Mue suae 69.0° 7.9 28"
20. Liam 66.6° 10.8° 2.7"
21.On 57.5¢ 7.9 4.5°
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Local yam varieties starch content (%)

protein content (%) fiber content (%)

22. Koo 48.3° 10.1°' 3.6%
23. Sao 64.5° 7.9 4.2
24. Plang 56.7' 11.4*° 4.2°
25. Kong kao 51.9% 9.7° 4.1°
26. Heb 55.8" 9.9° 4.1
27. Kong kee 68.9° 3.4° 2.7
28. Hau chang 62.89 11.4*° 2.7"
29. Lueang 62.5° 10.4° 4.2°
30. Prao poo 60.4" 6.3" 4.2
Mean 60.5 9.6 3.5
F-test ax - .
CV (%) 3.4 48 27

*k —

(P < 0.01) using Duncan's New Multiple Range Test.

finudn BnEwasInanIWLIAsEN UAZAINY
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%uﬁ'uamwumﬁawaw’%uﬁﬂgﬂ wazdHnTensInsening

a [ v

WUBURMWIIARBNAIY (WY qsws"l,wgaﬁ, 2544)

Table 5 Correlation between yield and composition of
yield of homegrown casava varieties from 30

cultivars tested.

character- number of vine length fresh head dried head
istics branching weight weight
Iplant
yield 0.39" 0.34" 0.99" 0.97"

Remark ** = There was a statistically significant correlation (P < 0.01)

statistically significant difference (P < 0.01); Different letters labeled in the same column showed statistically significant differences

Table 6 Correlation between leaf area index, vine length,
vine fresh weight, vine dry weight, number of
branches per plant of local yam varieties from

the cultivar test in Nan province.

characteristics fresh head weight

leaf area index 0.52"

vine length 0.36"

vine fresh weight 0.19"

vine dry weight 0.23"
number of branches per plant 0.38"

Remark ** = There was a statistically significant correlation

(P <0.01)
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Species diversity of butterflies (Lepidoptera) in Khon Kaen University grounds
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Abstract

The diversity of butterflies (Lepidoptera) in Khon Kaen University grounds was investigated by using an insect
sweep net. The butterflies were collected using a quadrat method and strip transect method between January to April
2021 from three sampling sites. - (1) Natural History Museum, (2) Romklao Kallapruek Park and (3) Power Plant. A
total of 1,087 individuals were collected and classified into five families, 39 genera and 57 species, comprising,
family Nymphalidae (23 species), family Pieridae (12 species), family Lycaenidae (10 species), family Papilionidae

(10 species) and family Hesperiidae (2 species), respectively. Romklao Kallapruek Park had highest number of
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butterfly species (47 species, Shannon-Wiener diversity index (H') = 3.24, evenness index (E) = 0.84) followed by
Power Plant (45 species, H'= 3.17, E= 0.83) and Natural History Museum (28 species, H'= 2.64, E= 0.79). The
Sorensen similarity index was highest between Romklao Kallapruek Park and Khon Kaen University Power Plant
(0.80). Relative humidity and air temperature correlated with butterfly species number (Spearman's rank correlation
coefficient: rho=0.450, S=4271.2, p-value=0.006 and rho=0.427, S=4454.6, p-value =0.009 respectively at 0.05
significantly level). In total 98 plant species were found in all study sites where the highest number of plant species
was in RomKlao Kallapruek Park (81 species), followed by Power Plant (75 species) and Natural History Museum (71

species), respectively. The number of plant species was not related to the number of butterfly species (rho=0.065,

S=7268.5, p-value=0.708).

Keywords: Butterflies, biodiversity, university
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AouUNTIAN AILEaWUBNW W.A. 2564 LEauaT 1 A5
do 1 Audidnwn luLL@ia:amﬁa:ﬁwnﬂsﬁiu 330 Wous
tuiindeyailadunianmunin wazBinwluulasdnu
Ieun anuTwiing (Fapaz) UAzaMRNNDIMA (297
ALTER) Ladayan19Tinw Ae sRaRTANUIHLTI M
wilaadnsraria i Eiudu livia uazlsidugn Suunaiiafia
laslfiananmnanlunssnuun fe wiiRaAnE Wb
RIBTUNNAUNN BN ININRUVEULAK (UTenaN T4
NIlowniy, 2553) anmuelszanadnssanlyd (Aasnuen
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senuna, 2548) Trludszinalne(gyty aandn, 2538)
FFNTRINYNIANKI (FNIANINLINIIITINTUAS
Uszineng, 2545) ez INuwnITRT (Fud a3 o
fnd, 2548) lavldinwmuzlassasannaiu (;anaen)
Usznaumidasuunluszduaiia

Tl RIF13T29921NTILALEITININUIN 5
LW UWARZLEBAAINET 30 LUAT I2ESHIIITRITIEY 5
was anvgdlumslavliciu 2 was lasdaudasanain
39 Pollard (Pollard, 1997) (Figure 2) YIM3tAUG28813
Faudaan 09.00-12.00 %. waz 13.00-16.00 w. lagldads
%’mmawmmﬁumuﬂuﬁnma 35 Lrudiluas laufiaed
WumaLaUE132 lagluudazutasldiaa 199 1us s s
mﬁmﬁuﬁ:ﬁﬁmtﬁa sauﬁamﬁmﬁuﬁjﬁmmﬂ%%aﬂnﬁ@ﬁuf
ﬁLﬂuﬁmfﬂﬁﬁumm szfvlansesiiaiufinnn siiauas
FrwnvesiAaNa I THANL LLa:ﬂaamﬁugjﬁimmaLﬁa
F13LFTIRWUE ﬁhumﬁ@ﬁuﬁ:ﬂjaaﬂLéanmﬁuﬁvlaj
sansnszysialdtaiau Iududesfvdredrindyll
Fnmndafivesfians lasihiiFenaeudildanms
ﬁf’]i'aﬁ]m%'@gﬂi'wLmzvhmaaﬂmmmmmayﬂué’nwmxm
maBnlavaaysal LR BYUNTUNN 9 ana uwazzila lag

IFlananInanaadderatthitikul et al. (2009) Laz Ek-Amnuay
(2012)

Figure 1 Location and habitat of sampling sites: (A-B)
Natural History Museum; (C-D)
Romklao Kallapruek Park; (E-F) Power Plant;
Red triangles, red circles and red stars show sampling

site 1, 2 and 3, respectively
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Table 1 Locality of sampling sites

Sampling sites Location Altitude (m)
1) The Natural History ] 16°26'47''N 167
Museum 102°48'39"E
16°26'46''N
2 159
102°48'43"E
16°26'45''N
3 164
102°48'47"E
2) Romklao Kallapruek 16°28'18''N
1 200
Park 102°49'04"E
16°28'27'"'N
2 185
102°49'05"E
16°28'30''N
3 196
102°49'05"E
3) Khon Kaen Univer- ] 16°27'59'"'N 175
sity Power Plant 102°49'19"E
16°27'52"'N
2 185
102°49'19"E
16°28'05'"'N
3 174
102°49'20"E

Figure 2 Strip transect of sampling method

(3-dimension)

a & v
ms%mmwwaga
a 6 ar a A o a [
(1) Teneranusunuslasliifandunuiuas
A€ , . ' °

FUyIku (Spearman’s rank correlation) 3¥®3N93TWIU
shafiFenaiuiuiladomimenn @ iionmauas
ANUDTUFUANT) waTATENITINN (A1WIUTHATBINT)
meoldsunsuadia R (version 3.5.2) (R Core Team, 2018)

(2) awrmraaThanunainsiaveidize
nan97n (Diversity indices) iNatSouifisuluidazannit
Iﬂﬂslﬂ?gm Shannon-Wiener diversity index (H’) (Magurran,
2004)
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H = —;(pi)an pi)

o pi Ao FadiusznIngsIwInTiia i desnuIngsd
FAarinaa

n fo sawanafiafinu 1, 2, 3, ...

(3) AWIBRIAIATHNITNIZALAT BIBAY
aﬁ%aua (Evenness index: E) 3INg®7 Shannon evenness
index (E) (Magurran, 2004)

go L
~ Inigs)

e E A0 n3n32ansdn wiaanuaanLane

H' fa aashaunaInrnaluas

Shannon-Wiener diversity index

S A SnusieasfiiFaronue (Species rich-
ness)

(4) AWIWAANTRANUASIBARY (Similarity
index) vosfilAanasTuLaz AT LUz iunnuadoads
lundazanil dr3TA 1 uIues Sorensen qualitative
index (Krebs, 1986) §53msaasialuil duinwmendail
AuARIEASY (Similarity index) LAaI3suLfinuaw
adondvasTiefiaenasTuluiuiiiudagnssning
#oil 3ngas

o= 2C
Q " (A+B)

=3

tﬂl =} - = v
Wa QS fa aTHANNARLARS
- o PS A Ada A
A A8 NUIUTHAVRIRINTINN
B A8 31 uaiavaIraNTIanwuluiun
C A8 MNUIUTHAVBIRINTIANWUNIRDIN WA

NAaN1IAN®E
v [ v S
Payailadudayan1anIenIn uaziinan
v - 4
Tayaduady (Mean;X) LAZAUANIALARNDLIIAIZIW
(Standard error; SE) 2a3ilaiumsmanw (Table 2) lair
gaanniianna (asrniraiBg) uazANuTUFNANG (Sau
v a A a L 6 A o =S
a2) waztayan1adinn da slawuiis laaynmsdinm
A A A= o \ =< A o ea &
Aomoluiuiiiiudedg namfnswusianuiAong
F 98 7@ (Table 3) a9d safiarusuinanadwgnuny
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ﬁhmumﬁ@ﬁuﬁfﬁmmﬂﬁqﬂ 81 THa 309891 A0
VLWWwwmhmumﬁ@ﬁuﬁfﬁm 75 TR WATFOVAANTAUH
ﬁﬁuma%mwmﬁmwnﬁ@ﬁuﬁ:ﬁm 71 38a AN

Table 2 Temperature (°C) and humidity (%) in each
sampling sites from January to April (2021)

Site Month Temperature Humidity

1) Natural January 25.09+0.97 61.70+2.24
History February 27.57+0.68 51.66+3.97
Museum March 32.60+0.19 70.61+0.93
April 31.80+1.04 58.33+1.52

2) Romklao January 23.5840.50 60.99+1.72
Kallapruek Park February 26.84+0.69 64.00+£2.99
March 35.86+0.63 66.24+2.05

April 34.99+0.39 74.04+3.93

3) Power Plant January 22.16+0.84 61.49+1.80
February 28.90+0.80 69.48+2.93

March 34.06+0.35 60.75+2.42

April 32.43+0.79 81.50+3.25

v
ANRANTRAVAIALRDNA19IN
MNMIANFIANUAINTRAVDIRLFENAI T
UAIANLIALVRULAR lagAUdIattlRana1 I 3 ko
WURLFaNAIIUNIFY 1,118 61 unnaanillu 5 194 39
ana 57 7ia (Table 4) NUIUTUazvRITHANIFONAI %
AFTIINLNT 3 &% WU N?Tﬁl,ﬁam%ﬁwjﬁé'mm
unfigatisianas 40.35 (23 wila) T09a93nfa WARALES
AUOUNZHAAT S08az 21.05 (12 THa) WARLTORUII® Tas
8z 17.54 (10 Hha) 2ARLFONR19G I R8RS 17.54 (10 Tiia)
e Z dldv ' v dl A A :a’ a < 3
wazdrLFaNiiFasutasigafa 1dridainid Toua:
3.51 (2 THha) AURI1AU
- o X o 4 . 4 a

1iav0IHIFaNATRANLIIWINGININTIgAAD

FLfaLo4353INAN (Eurema hecabe hecabe) Tui3dfLRa

AUBUNZAAT LALWL 189 612 (16.91% VaIALFaNINUA)

€

o

A a X . . . <
UAURDIND WLRDVIILLATL (Leptosia nina nina) lunad

LHOWUOUNZAAT 91WIH 103 G2 (9.21%) UWAZOUALFY

P D

=

fla AlReasmnuanila (Euploea core godartii) lwaaéf

D

ALEeUMINY 9w 81 @ (7.25%) fadnrianiie
naeTunfinulwauminenduvanunings Figures 3-4
naMIAnEIWIUTRaTeslRanaTInlwuday
a A ' o A a
0% fla AashaNRaINRA18NINTINIW (Shannon -
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Wiener diversity index; H") LLazﬁmﬁmmaﬁ'\Laua (Even-
ness index: E) WU anitmusuindniaUwanswg Aide
ﬂmai’umﬂﬁq@ﬁa 47 e uazleauhanuraInnaney
LLazﬁmﬁmmaﬂ"]Lauagaﬁq@ (H'=3.24, E=0.84) Y8484
wnde anitlssIWiwuiiFenansTu 45 Tiia (H'=3.17,
E= 0.83) uasaaniiRATA IV AINETWY RiFonans
M 28 e (H'= 2.64, E= 0.79) auandu (Table 5) 1%
siafiiaeluudazifouuaasdy Figure 5 SnSUAGTH
AMUABBARINY (Sorensen similarity index) maaﬁléa
aansdulundazanrdt wuiruSmaanfizausuinan
ﬁ'aﬂquﬁuaﬂiavlwﬂ’]ﬁmwuﬂﬁmﬂﬁamﬂﬁq@ﬁa 0.80
Iumm:ﬁ'mmﬂﬁwﬂﬂﬁuﬁmamﬁﬂﬁuﬁfﬁw%nmamﬁ
o . o

ANTAUNTITNTIAINLM 39 WA Tanuagafauin

figafa 0.85 (Table 6)

Table 3 The list of plants observed in sampling sites dur-

ing the study period

Species

N

. Abutilon hirtum (A39LANTINA)

. Achyranthes aspera (W)

. Ageratum conyzoides (SNUWII&RIUNN)
. Albizia lebbeck (Wyni)

. Allamanda cathartica (U’Wui_ﬁ)

. Alstonia scholaris (am‘ﬂﬂ)

. Alternanthera dentate (mu‘l&i:ﬂi m\l%l'd)

. Amarathus viridis (ﬁﬂI‘u&J)

© 0 N O o~ w DN

. Annona squamosa (ffa HRUN)

-
o

. Artocarpus lacucha (N£A9)

-
N

. Asystasia gangetica (UN%&1)

-
N

. Azadirachta indica (8zt@1)

-
w

. Bambusa sp. (M)

N
~

. Bauhinia purpurea (‘NIﬂ)

-
[&)]

. Biswna piloa (ﬁuﬁﬁﬁﬂ)

-
(o]

. Borreria laevis (ﬂ‘i:@l&ﬂmﬁﬂ)

-
~

. Borreria latifolia (N3 z(qusli_lsl%qj)

-
[o]

. Bougainvillea sp. (L"?l\laaﬁﬂ)

-
[<e]

. Butea monosperma (N7317)

N
o

. Calotropis gigantea (3n)

N
-

. Caryota urens (\1319)

N
N

. Cassia bakeriana (TaUwgn)

N
w

. Catharanthus roseus (WAIWIEINTY)

N
~

. Chromolaena odorata (S1UL§8)

N
[$)]

. Cleome rutidosperma (RNLSIHD)

N
[

. Cleome viscasa (RNLRHHA)

N
~

. Coccinia grandis (AN&4)
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Table 3 The list of plants observed in sampling sites

during the study period (continued)

Species

28. Cocos nucifera (NzW311)

29. Commelina banghalensis (FinUanuluntg)
30. Commelina diffusa (FnUanuTn)
31. Cyperus pulcherrimus (WIR3w)
32. Cyanthillium cinereum (wuaviag)
33. Cyperus digitatus (NN39N1)

34. Cyperus iria (NDN3IY)

35. Dactyloctenium aegyptium (Wi11Una1Y)
36. Dipterocarpus alatus (47341)

37. Eleusine indica (gj@un)

38. Euphorbia heterophylia (Wgj1213)
39. Euphorbia hirta (W% TE)

40. Ficus benjamina (In3ffag)

41. Ficus hispida (Vz1a01§09)

42. Ficus religiosa (WW@3uA1 )

43. Ficus virens (\i81L)

44. Glinus oppositifolius (HNU74)

45. Gomphrena celosioides (muvlajﬂiﬂﬂ'l)
46. Heliotropium indicum (WR1939%13)
47. Indigofera hirsuta (A314U)

48. Ixora chinensis (L‘ﬁ EVITOR))]

49. Ixora lucida (VIN217)

50. Lagerstroemia speciosa (8WNHa)
51. Lagerstroemia subangulata (8N8383)
52. Leucaena leucocephala (N7:01t)
53. Lindernia dubia (38191n)

54. Mangifera indica (¥z374)

55. Melodorum fruticosum (81073%)

56. Michelia champaca (37117)

57. Mikania cordata (3 lrignmw)

58. Millingtonia hortensis (L/1)

59. Mimosa pudica (laTunuIN)

60. Momordica charantia (miz"ﬁuﬂ)
61. Morinda tomentosa (8a1hduw)

62. Muntingia calabura ($2l)

63. Musa x paradisiaca (nﬁ'm{l:’l‘ﬁ)
64. Nephrolepsis sp. (\i$1)

65. Oxyceros horridus (AALA1LAID)

66. Panicum rapens (Wi 1TuN1@)

87. Paspalum conjugatum (Wa\aniAu)
68. Passiflora foetida (nznnInin)

69. Peltophorum pterocarpum (Wisvia)
70. Pennisetum sp. (mﬁwﬁﬁm)

71. Pentacme siamensis (39)

72. Phaseolus atropurreus 11 (ﬁLﬁa&l)
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Table 4 The list of butterfly species found in sampling

sites from Khon Kaen University (continued)

Species

Species

Thai common name

73. Phylanthus amarus (gnlwﬂu)

74. Physalis minima (In4in3)

75. Pogonatherum crinitum (wain linaa3)

76. Portulaca oleracea (Wniielnal)

77. Plumeria rubra (§4n4)

78. Pterocarpus macrocarpus (U3zgi1hn)

79. Raphistemma pulchelum (Thansaanlng)

80. Richardia scabra (n3zquly)
81. Ruellia simples (§a8§9H39)

82. Senna siamea (%maﬂ)
83. Sida acuta (WiNTaNaT)
84. Shorea obtuse (Lad)

85. Sindoria siamensis (VA1)

86. Sphagneticola trilobata (ﬂi:qmauﬁaﬂ)

87. Spermacoce laevis (VR LUNT)

88. Spondias pinnata (¥enan)
89. Streblus asper (ot

90. Synedrella nodifiora (ANLATA)

91. Terminalia catappa (AN313)

92. Tridax procumbens (?mé:ﬂ iwn)

93. Vernonia cinerea (Wij1aza84d)

94. Wrightia arborea (lunaiu)
95. Xylia xylocarpa (L&)

96. Zinnia violacea (LWii)
97. Ziziphus mauritiana (Vg‘ni’l)

98. Zygostelma benthami (BULTHLDN)

Table 4 The list of butterfly species found in sampling

sites from Khon Kaen University

Species

Thai common name

Family Nymphalidae (39@f1&a21%471)

1. Ariadne ariadne palidior

2. Danaus chrysippus

chrysippus

3. Danaus genutia genutia

4. Euploea core godartii

5. Euploea klugii richsonii

6. Euploea mulciber mulciber
7. ldeopsis vulgaris contigua

8. Tirumala limniace limniace

©

. Acraea terpsicore

HiFavnuauazInonin

a d‘i/ Qs
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= g v =
WERBW W WUIIRIINULRD
a X o
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Qe
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o X 4 oA
AiRaaeLFaiTasen
a d‘l’ A K% v
HiFaauLEaNILDLNIY

ALFONUOBAWINNZNNTA

10. Cethosia cyane euanthes
11. Cirrochroa surya siamensis

12. Phaedyma columella

martabana

13. Junonia almana almana
14. Junonia lemonias lemonias
15. Junonia atlites atlites

16. Hypolimnas bolina jacintha
17. Hypolimnas misippus

18. Elymnias hypermnestra

meridionalis

19. Melanitis leda leda

20. Mycalesis mineus mineus
21. Mycalesis perseus tabitha
22. Ypthima baldus

23. Ypthima huebneri
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Family Pieridae (29dfiFanuaunznan)

24. Catopsilia pomona

25. Eurema simulatrix

sarinoides

26. Eurema blanda silhetana
27. Eurema hecabe hecabe
28. Appias albino darada
29. Appias olferna olferna
30. Cepora nerissa dapha
31. Delias hyparete indica
32. Ixias pyrene verna

33. Leptosia nina nina

34. Pareronia anais anais

35. Tolbotia naganum pamsi

Family Lyceanidae (’Nﬁﬁlﬁaa

36. Euchrysops cnejus cnejus
37. Castalius rosimon rosiman
38. Jamides celeno aelianus
39. Lampides boeticus

40. Zizula hylax pygmaea

41. Zizina otis sangra

42. Arhopala centaurus nakula
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Table 4 The list of butterfly species found in sampling

sites from Khon Kaen University (continued)

Species

Thai common name

43. Loxura atymnus

continentalis
44. Rapala iarbus iarbus

45. Rapala manea schistacea

S ‘El,
WERBLLRAIIET

AiRanuau i HNaLAITITNGN

AiRaruanlduaFTwIn

Family Papilionidae (23daLdan19/4)

46. Graphium agamemnon

agamemnon
47. Graphium doson axion

48. Graphium macareus

indochinensis

49. Graphium nomius

swinhoei

50. Pachliopta aristolochiae

goniopeltis
51. Papilio clytia clytia

52. Papilio demoleus

malayanus
53. Papilio memnon agenor
54. Papilio polytes romulus

55. Troides aeacus

malaiianus

= Z o A
HIRDV O WINT TITNG

a X o A
maamuaumﬂﬁgmmﬂ

S g £
WERBNIRIUDITNAN

= Z
RLFBRNATLRILIA

= th/ a
WLRDLTIRNYDTITNAN

= Z
AR YA

a

BWAIWIIIEZLI

pad))
Rhe

a X a
WERBWRIIAIDITNAN

= Z
RLFBENNBIDIINAT

Family Hesperiidae (29dRtdai®t52)

56. Pelopidas mathias

mathias

57. Udaspes folus

= .31' 3 v
NLE‘TS%%S%&J’J%IU‘H']'JLLQ‘]J

LWALAN

Hizawgvienah
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Figure 3 Butterflies in the field survey: (A) Cethosia cyane euanthes, (B) Jamides celeno aelianus,

(C) Castalius rosimon rosimon, (D) Phaedyma columella martabana, (E) Acraea terpsicore,

(F) Hypolimnas misippus misippus, (G) Euploea core godartii, (H) Papilio demoleus malayanus
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Family Nympalidae

Hypolimnas misippus misippus (A) Dorsal view (B) Ventral view

Family Pieridae

Pareronia anais anais (A) Dorsal view (B) Ventral view

Family Papilionidae

~ - iy

Graphium nomius swinhoei (A) Dorsal view (B) Ventral view

Family Lyceanidae Family Hesperiidae

1cm

Castalius rosimon rosiman Udaspes folus
(A) Dorsal view (B) Ventral view (A) Dorsal view (B) Ventral view

Figure 4 Butterfly specimens recorded in each family
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Number of butterfly species

The Natural History
Museum

B January

Romklao Kallapruek Park

J Sci Technol MSU

Khon Kaen University
Power Plant

Study Site

February [ March [l April

Figure 5 The number of butterfly species in the three study areas of Khon Kaen University, particularly in each month

Table 5 Number of species and individuals, Shannon-Weiner diversity index and Evenness index of butterflies with

the number of plant species in Khon Kaen University between January - April 2021

. Number Number of Shannon-Wiener Evenness index Number of
Site of species individuals diversity index plant species
Natural History Museum 28 345 2.65 0.79 71
Romklao Kallapruek Park 47 372 3.24 0.84 81
Power Plant 45 370 3.17 0.83 75

Table 6 Sorensen similarity index of butterfly species and plant species recorded in the study sites

Sorensen similarity index

Sites
Butterfly species Plant species
Natural History Museum and Romklao Kallapruek Park 0.61 0.75
Natural History Museum and Power Plant 0.67 0.85
Romklao Kallapruek Park and Power Plant 0.80 0.81

MINATIERANANNWS (Correlation)

MIANFANUFNAUTTZR 9T INBATN
laun gomnilanme ANMUTUITINS URZTIUTRAV DS
fiw AuTwusiadienansin lagnsaasdnien
Fulsrantanduiufuesmiofuan (Spearman's rank
correlation coefficient - rho) (Table 7) WUINAMUAAIN
RauesfiFena9Tua NN FURUELEIUINALAIN T
FUANT (rho=0.450, S=4271.2, p-value=0.006) LA
Qm‘mgﬁa’m’lﬂ (rho=0.427, S=4454.6, p-value=0.009) L.ag
wunaaRrlifanuiuisiiuanunanoieasiiae
Na9I% (rho=0.065, S=7268.5, p-value=0.708)

Table 7 Spearman's rank correlation coefficient (rho)
between temperature, humidity and plant species

with the number of butterfly species.

Numberof
rho Air temperature Humidity
plant species
Number of
butterfly 0.427* 0.450* 0.065
species

@

winewe * wineil Ianuiuiusedniliosayneaianzay

ANNLToNY 95%
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aydwanaziansatnamsd@nmn
nmIfnsanunanaaevasiFenansiulu
uwIngdpvanunindomsldsiclauasieiviiFe
na91% las3tnsnutlad (Quadrat method) uazan9uay
§1379 (Strip transect) 3HINILFOUUNIIA - LUBLI% W61,
2564 luiuiunAnessvauuniungiwin 3 amit laun
(1) FNAANTAUNTITUTIAINGT (2) FDVAFIUINLARN
Fauwgny uaz (3) saniilsalnith wamsAnwwuiiae
NENITUIIE 1,118 1 Sasuwnidlu 5 296 39 aNa 57
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fumsdnsenunanoievesfisanasiulwaasin
INITVADIMNTNEY wazrasIutuida anawiuin
PWNIALAY ﬁd’ﬂimwuﬁLgaaaﬁmmﬁﬂﬁﬁiwmwxjﬁﬂ
annniddenasiulwasdan (lewns qn¥Afue, 2551,
And dwdlesiln uax A3nsal f3lng, 2559).
Lfiam‘%ﬂmﬁﬂwﬁ@ﬁufmaaﬁLéaﬂawa‘?ﬁluaam
(walng nungn, 2537) fuilagiiu wwﬁ@ﬁuﬁmaaméa
nanaTwmionin 25 iia HiRes 9 wiia Alinulums
Anwassit laun fuFonsandsIsuan (Neptis hylas) fi&e
PUOUNZWINIALLTD (Elymnias nesaea timandra) ﬁLéa
\ B98I 53IUA (Chilasa clytis clytia) ﬁLgaﬂuaug}umﬁaa
(Catopsilia scylla) E'il,éa%uaumﬂ’mlﬁ?_lmmd (Delias
posithoe thyra) Aidolan sTindwlna) (Hebomoia glaucippe
glaucippe) ﬁl,gaﬁﬂl,snagﬂﬁﬂgﬁ (Zizeeria karsandra) ﬁLga
wuauuznialdaasITuan (Suastus gremius gremius)
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LLa:ﬂLéa%ﬁﬁLﬁmmw (Hasora proxissima siamica)
Lﬁadﬁﬁﬂﬁuﬁﬁ’]ﬂﬁiﬁﬂﬂﬂ%ﬂ%ﬂﬁﬂdLﬁuﬁﬂiﬂ’]‘lﬁ%ﬁuw
navthnmeluamInedy srumsansnewnininig
dnmluwathiissgaiurisfe thuSnmastuaingm
a5n1Iud uazInowdsuwzlanfzanzinuasmaas
SsnuRtmosedluad w.e. 2537 daudnadlutidals
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WOWNTIUR 5 UaLLSIMENTAN AtEAngneaas
Fsuidinanilsznaudmsmadnidatouiey
Fudufith vildmsansitdanuuandrsiunisinmn
V09190 NG RN (2537) WluanwasAufiifudedg
Snumendanth wasiTamns uivenedimaasuuss
lwasiuiinufsfoans g meluwumInodoanurinly
dr9nandasnludenszana 30 7
wananiwiietisufisuiunisdnwiaes
TAUUA Tan uazam (2543) WoRLFoNa 9 U IR 123
ghe o lumsdnsneSsiasnusiwurieasfiiFe
N NIURBENIN (57 THa) walunsdnuassidnng
i']mmﬁLéaﬂmﬁuﬁvlajvlﬁﬁmsswmm‘lumsﬁnmmaa"q
Arun Tane uazamz (2543) 4 16 Bila Ietur fiFoany
\§aWuauning (Tirumala limniace limniace) ﬁléa?(aglﬁﬂ
(Crirochroa surya siamensis) ﬂL%E}LMim&J@'@ (Eurema
blanda silhetana) ﬁl,ga%uaulmjmﬁmﬁ (Appias olferna
olferna) ﬁLéamﬁaaammmﬂ% (Cepora nerissa dapha)
AL&17UA 3 (Leptosia nina nina) AL&anuaunswaILaL
@1 (Tolbotia naganum pamsi) ﬁLgaﬁﬁﬁaﬁamﬁma
(Euchrysops cnejus cnejus) ﬁéaﬁnn%@mqg (Jamides
celeno aelianus) ﬁLéa%uauﬁl”Jaﬁ”l 13% (Lampides
boeticus) ﬁLéaW'@@mau (Zizula hylax pygmaea) fideih
@aﬂmﬁﬂ (Zizina otis sangra)ﬁLéaﬁ’leﬁﬁa&lmgm (Arho-
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iarbus)ﬁLéaWKyﬂde%tﬁ’l (Udaspes folus) 819tAA91NN13
Banfuidnmiuandnsin donaliwuiiFedsnia i
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woindaFsuisurievasiidonarsuidsanuly
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Gasrrranuiienarsiunoluniinedusouni
F1wm 29 THa™ nEUwUTAAfinuLAnasAwiasnn
Taonsdnmnilluworiiafineaulasoignsd a193gnT
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(2563) e 7 wiia leun Mden=ad5Isuan (Neptis
hylas) ﬁLéamuauQumﬁaa (Catopsilia scylla) AiFewnon
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%ﬁfn§ (2563) HanBdnwuRudsnmsansiiies 1
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URINLFETTAYUAIETANY %ﬁLL@iLﬁauqmﬂu 2550
Aodouilunan 2551 wuindfiFenanaTunenua 33 Tila
M'nfu(ammzﬁ NIRA, 2551) ﬁ]ﬁﬂfﬂ;&m%ﬁhﬁuﬁﬂdlﬁﬁ%
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211 (Common) wena Nt sanEiTInURLAaNaNs
Fuuwrfiadliaansanudinldily (Uncommon) (Ek-
Amnuay, 2012) léfuri RiFanuauuzwiIFIsNM (Elymnas
hypernestra meridionalis) ﬁLéaLmﬁQ 11 (Eurema simula-
trix sarinoides) Lm:ﬁl,ga%uauwavlﬁﬁmmu (Rapala ma-
nea schistacea) AlFazfiadsnanislinsdnenums
wulunrInendoveuuiuinnian
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Table 8 Number of butterfly species present study and
the previous study Nattapong Kawwisut (2020)
(Eonnell, 1978)

Nattapong Present
Site Kawwisut’s Study
Study (2020) (2021)
Natural History Museum 16 28
Romklao Kallapruek Park 18 47
Power Plant 11 45

NANNIANEIITWINTRA LWUARZEDNT FTiaIY
“aINKAY (Shannon - Wiener diversity index; H') LLag
o A o ) ' ~
ATUAIMNUFNILRND (Evenness index; E) WUIMRDIURIU
' ¥ e 6 a Z o nl' A a
sunafaUngnEnuiiFenasTwanfigada 47 siia
(H'=3.24, E=0.84) 3948931@a aanitlss i wuriaanans
% 45 39%@ (H'=3.17, E= 0.83) Las&hNANTA A
FITNTIAINLINLALFENA19IW 28 alle (H'= 2.64, E=

. o v e A . "
0.79) MUAAL RAAANDINLNIUITL VDY mgwo??mnqﬂﬁ
(2563) T189WIN ausuinaNaldng NI wIBTRAD
HLIRANANITU ATRAMNAAINARNONIITINN LAsATH
ANUFNUFNDNINTFA
uananuuthamlngfimdsagluamingae
vanunuiinrgnuiteanidundavihawmaniuaneran
LRTUUARE NN UHNAA D NWINLAZTRAVDINLRENA9I1
. v @ & & Aa X A
gausninanadwgnsiutiuganssmninunuuia
nang (Uszanm 9.39 tanua’) 1 neanth luvmentide
Sisluwusialss WA duwiunuwiaidn 3 neaanin
(Uszanmw 2-3 Lanuas dantanil) anassNadanuRan
P a X v A A o ' A A o
whavasfiifenarsiusiiafienduaglunuithled laonns
Lm'au,aiuLL“ﬂo%'umaoﬁaﬁ%’imiuﬁuﬁmmmﬁﬂﬂaugqﬂdﬁ
X a4 o4 . ¥ 4 o e
Wuflawalng hasanniwensluiuiawmaianiian
n LLazmﬂﬁuﬁmm@Lﬁﬂgﬂsummmﬁﬁmﬁmaam&wﬁ
W% ANIN&II NIa Lvinanuth Annvwaandnazle
Sunansznuannidinfvmnanansiialng vinldadads
A | A oA o A o o a A
Mduunssarns nrsunaifagendunadyvaniie
NAITUAANBERIDENININ DITULRERINFINA A HLTD
nansTulundanthumaidniudanuiesdansgyiuigs
' o A Wy Aa = | aa XA Ada
wazEINA IR RUAntauThNTuwaannINac iR FandaNw
a @ A A ' ' ' ' .
wanohatnesnitfiunndantawialugnit (Moilanen
& Hanski, 1998, Stilley & Gabler, 2021, Chaianunporn &
Hovestadt, 2022)
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NANSANENAATHANNARBARINY (Sorensen
similarity index) 2a9ALRONAITHANDWLIN F0NTiaIwsY
ma"'lﬁ'aﬂquﬁuazamﬁ‘[sﬂﬂﬁwﬁmmﬂéﬁUﬂﬁamnﬁq@
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FHnua waneay uaz demsed aelnlsaied, 2564,
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AN AR DULANAIIN AT AR ST 5550 R
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MNMTIATNEAFRTUANUS (Correlation) WUN
AunaInTiavesiienansiunlanuFuRusiy
mm%ué’uﬁﬂﬂmzqmmﬁmmﬂ luianmadeaiu nan
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(Figure 5) LﬁaﬁNumﬂﬁﬂﬁmﬂu%ugd%uﬁauga@iams
panmAnLazmMINslavesiiFanasTuanniu Wasan
fimsuanlusauuaznseanaanvesiofiiuemisves
Aidenansiuanndurinlilwdenda g w1 lugrerinis
AnenBuTiuan ssnaliiisiwnsiavesfiFanansiudia
NN % uanawnﬁuﬁ%%’yﬁammﬁu’jm%nmﬁﬁﬁuﬁ%u
Lazan a:wuﬁéaﬂmaﬁfumﬂﬂ’hu%nmﬁ'ue] %aNAN
AAaNasTuAuAT LAz wIwIINRTLEY Fenuin
?'4Léaﬂmﬁuﬁuui’m@;mmsﬁagluau WAL
goazdwmiamiﬁum'ﬁmmmﬂuau \lasanninuas
ﬁLéaﬂmﬁuﬁﬁnwmzLﬂummmu@@ﬁu (Proboscis)
wn3odlng qassmffﬂﬁ, 2556)
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Abstract

Oil palm is an important crop in Thailand, valuable particularly in industry. Oil palm is an important component in
various manufacturing industries. As a result, farmers are producing increasing amounts of palm oil. The palm oil plant
suitable is suitable for hot and humid climates and the product can be harvested throughout the year. It is a plant that
generates a lot of income for farmers and the government has funds to support cultivation. However, monitoring the
health of palm trees over large areas can be difficult for farmers. This research aims to create a monitoring system
for the health of palm trees within the palm plantation and to help farmers to monitor palm trees more conveniently.
The system used unmanned aerial vehicles to capture a large area of palm trees from above. The images were then
used to analyze the health of palm trees with index VARI (Visual Atmospheric Resistance Index). The images were

subjected to digital image processing technique and then the VARI index was calculated.The system could be distin-
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guish four levels of palm quality used to inspect damaged palm trees within the palm plantation. The damage may

have been caused by weather and nutrient problems, etc. The experimental results showed that the palm oil monitor-

ing system had an accuracy about 91.18%.

Keywords: Oil palm trees, quality analysis, VARI index, digital image processing
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(B)
Figure 1 The palm plantation area that will be used for

testing from Google Maps.

(©) (D)

Figure 2 Image of palm health at different levels.
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Figure 3 A bird’s-eye view of a multi-level palm grove

at 30 — 70 meters from the ground when taken with an

unmanned aerial vehicle.
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Qil Palm Tree’s Quality Estimation System
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Figure 6 The result of running code.
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Figure 7 The graphs show the relationship between a

height of camera and VARI of palm trees.
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Figure 8 The graphs show the relationship between a

brightness and VARI of palm trees.

Table 1 The examples of palm oil tree’s quality from using the VARI index application.

VARI
Input Input image Selected tree VARI Quality Correctness
. Average
image
1 Poor | 0.06188 N
2 Poor \/
0.05874
Dilapid
3 0.14536 N
ated
Interme
4 0.209475 \
diate
Interme
5 0.184105 N
diate
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from an unmanned aerial vehicle

Table 1 The examples of palm oil tree’s quality from using the VARI index application. (Continue)

Palm VARI
Input image Selected tree VARI Quality Correctness
tree Average
6 Good | 0.288817 N,
7 Poor | 0.0526196 N
8 Poor | 0.0466304 N
9 Good | 0.3233 N
Interme
10 0.225365 N
diate
Interme
11 0.197352 ~
diate
Interme 0.2483
12 N
diate 75
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Table 2 The examples of palm oil health from using the VARI index application at difference level of height above

ground.

Height 30 meters Height 40 meters Height 60 meters

' AT NS
G Q{,;Jqd’wn*g

ik

A

VARI=0.28248 Correct VARI=0.250019 Incorrect VARI=0.244466 Incorrect

VARI=0.291983 Correct VARI=0.249136 Incorrect VARI=0.23551 Incorrect
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from an unmanned aerial vehicle

Table 3 The examples of palm oil health from using the VARI index application at difference brightness level.

Brightness of 85 lux Brightness of 12032 lux Brightness of 12734 lux

VARI=0.232832 Correct

VARI=0.311393 Incorrect VARI=0.231212 Correct VARI=0.218147 Correct

VARI=0.287523 Incorrect

VARI=0.2971 Incorrect VARI=0.216961 Correct VARI=0.204409 Correct
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Abstract

The World Stroke Organization (WSO) survey found 20 million people working age and elderly annually were
at risk of stroke. Several factors can affect the risk of stroke, including family history, work stress, lifestyle, and diet.
These factors can be intensified by living in an ever-changing society and environment. When the symptoms of a
stroke (such as blurred vision, hemiplegia, myasthenia gravis, and Bell’s palsy) significantly impact daily life it is crucial
to get medical attention. So, it is essential to analyze relevant factors to assist individuals to avoid behaviors that may

contribute to the risk of a stroke. This research aims to analyze the risk factors that may yield an opportunity for stroke
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with association mining rules using the Apriori algorithm. For the experiment, the Apriori algorithm was used to com-
pute and determine the support and confidence values as 0.27 and 0.25, respectively. This research identified the top
five factors contributing to stroke: body mass index (BMI), ever-married, work type, heart disease, and age. We then
used the gain ratio technique to select features with a gain value of 0.05. The gain ratio algorithm selected the follow-
ing significant factors: age, body mass index (BMI), ever-married, hypertension, and heart disease, respectively. The

experimental results showed that the factors selected using the Gain ratio method were the same as the factors

chosen by the Apriori algorithm. Consequently, the five chosen factors significantly impact the cause of stroke.

Keywords: Stroke disease, association rules, Apriori algorithm, feature selection, gain ratio technique

LN

2ifnINReALRaaRNBIlaN (World Stroke Organization,
2020) lduszmainlsanaenidonsuas (stroke) Aanasuna
Beavinlviidansenluauasnmsfinasaidanauadiy
ijama@Lﬁa@awaaﬁuﬁhwaI@]smaﬁﬂﬁlﬁ@mﬂmsq@ﬁu
lwduiaauazlimunsoadsseandianlyfiauadlass
HA AL TARANEIINABBNTIAN JuduringueIniedia
1%“?%53@1 lianaaaifoaauasdndusingzasnisiianig
nwwamwﬁshﬁty@ué’uﬁuﬁu 9 (AnGena 11303 uas
A, 2565; IRYTUN inwiuuazinu gwsrang, 2563;
g0 gninulnena, 2563) v198 Tonna m3dndunad (2564)
VL@Ti:g’iﬁQﬂaUiiﬂﬁaa@Lﬁa@auaaﬁ"ﬂaﬂﬁﬁf’]mumnﬁa
13.7 suandel lasawan 1 lu 4 fay 25 Yaiwly) waz
sl,mf']muf:ﬁ;gﬁﬂ'ﬁnfmmnﬁa 5 s uan laslugre 4-5
‘fT'J“?i'mumﬁﬁmm@%ﬁ%%ﬂizmm 5.5 sAuAuiLauTia
faolsail f’f%awudwmmqn’mﬁs%%é’ué’uaawaa
Uszznsnguaigunnnit 60 U laniinanlsanana
BREERRN m@mmi’jﬂuamﬂmﬂ%mmgﬂaﬂﬁL%ﬂ%%
felsavnanaidnauasazanniuie 2 widafiouszning
T w.a. 2553-2563 ownIToilIARReALRaaFNadlY
Uszindlng anmeuaidasimguniznTisnuin
é’m’@ﬁ'sU@T’JﬂIﬁﬂﬁaa@Lﬁa@awaa@iaﬂsw’mmauﬂu i
2559-2561 LYiNNU 451.39, 476.46 LAz 506.20 AMUAIAU
wazfisdadanasanlsanaeadonauasdeyszans
UaWA T 2559-2561 LYiNTL 48.13, 47.81 LAz 47.15 Al
AU %oﬁ'@mﬁum‘[ﬁmﬁuﬁunﬂﬂ GERGIRRERE b
FuBIINY, 2562)

2128 13ANRE AL EARNBIILUFAIBDNNILAN
@haﬁ'ulumia:qﬂﬂaﬂ’ﬁuagﬁ'w‘ﬁLmﬂwaaawadﬁvlﬁ%’u
ANMULFLNE Qﬂ’sUm\‘msmaﬁmmsﬁ@ﬂn@%’mmwﬁa
udratumelu 24 $2lus lapiladoidsafiazilamarinls
Walsanaaalfenauad 3 lsndiu msgm_qm% msﬁ'uqm

MILTETLENGR wazlsntszandn 1Dueu Nt Kesanydy
55 Tn3aunnndn uaznguanslawsnramuwaninil
A A = A = @
mwLamgamuﬂﬂﬁwaamaa@]auaa NNMIANENE
ﬁzq'j’mwﬂswaamﬁa@auaﬁmwmmmﬂn'jnwmtﬁa
(3N AaLuas, 2562) #anandadannaInngnadu 3
= Q dl 1 U ) U o a = v
FUT0AUTINGIY LT mﬂmmqumm@ wIan1ld
Foslun TI13ANa0ALA0AFNAIFINITDFING WALAAAE
o R =2 & Aa X o A
unsndanuigihe Ssanadunnsiifieduiininn wie
%ﬂﬂluﬂitﬁﬁ%’]ElLLNm’i]ﬁdNaiﬁgﬂ’JF_JLﬁ(ﬂﬂ’nsJﬁﬂ’]iﬂ’]’Ji
AIThI mwu;mm"uadm’mminﬁﬁauﬁ]zﬁuag’ﬁmzyznm
NRNDIVALREG LLaz‘ﬁuag’ﬁuu’%nmauadﬁvl@ﬁuwaﬂszwu
(Mud 02910921833 uaz @an dunasfing, 2565) ud
hagsanamaasduraslsananntfoagNaInwaIn bl
AOULAAIDINIINIDNOINITULRAIDNT INTALAY FING
v Qs > =1 I tﬁl o > &
Temsdanasanemeamstadusassnuiwszanaiy
fyawsasmaiialianseaionsuasld (aTyTuwn
wwiuuazilnan gwssmna, 2563) nAinauNTadn
MITNMFVNIN MIATIIFVAIN LRZNIIRILNADINT
fanwdanzdsilasiunmaialinnasafonguas
U s v & 3 =3 s =
EmyvlmLaamummwaumwwaﬂiwaamaa@
ldl 1 aa v 1 v 1 = = o va
suasnaTiadanuinninawandall 9 lddannw
~ = a & o A ' a
sulanaz@nwinazinineiiladanginadanisiialse
NROALROAFNDIAIINITEINNYLANDINWRUNUTVD
Taya I@mmﬁLﬂiﬁzﬁmmﬁuﬁufﬁaq“ﬁaga FNTOUN
I M EIINAUNIEIWAITUANES 1T N1TIATIEHRAINN
e o & A =« A ) a &
suRuiNaidulwInInMIAUYuazauaTINe lanev
% > 6 o g & o o &, v a dl
anuFNRnsanTuLduewuzidasdulunisnaniaes
mMIAaANNLFEIGanNILAa L3 Immﬂﬁﬂmsmﬂgmw
a . 6 & a n:i U a s ‘:l' < 4' 1 %
Funusidwnaiandasnarsaniladondudanlasinn
aﬁ' a v dl U 1 a 6
Feazafunliunnglugdunuiidnlaine Fuuwed
YUNINLA WAz Naden, 2563) M duil Vl,@i’?mmia%m
Iﬁﬂma@Lﬁa@auaamﬂ‘*gwﬁagaliwaa@Lﬁa@auaaﬁlﬂu



208 Artitayaporn Rojarath et al.

@@ﬁagmmummimﬁmminLﬁwﬁﬂ@ﬁ“ amansaanilnan
Ianniiulrduas Kaggle Gt HITuislatianeiiady
@9 g fifisadasfienafinnuiuiuiiu uaztduang
vaimufialianaaaifoasuad laun 1we (Gender) a1
(Age) ﬂszmwﬁayjmﬁﬂ (Residence Type) U3ztnnuas
3% (Work Type) ﬂ’ligllfl.ql%’% (Smoking Status) anthaa
e (BMI) 32@UANNAKLAEA (Hypertension) It e
lwsan (Average Glucose Level) waznzlsaiala (Heart
Disease) tiathunainganudaiutvsstoyalaslddu
AawIT Apriori (81iud Tusia, 2565) waziasinlufioms
Sinnzimiladefisdyaniionmeeiiisatoaien
luaFednuy (Model) swSumswennsailamanisifia
Tsanaaaidanauas i Seldd@nendeitnisaaidan
AMAN ML ALAN (Feature Selection) ¢183T Gain Ratio
\iasaideniladusdn LLazﬁwﬁaﬁTﬂﬁwﬁaﬁgnﬁa’ﬁmW
awn%&aaﬁ‘%mLﬂ%ﬂmﬁﬂmﬁ‘aﬁuﬁuhﬂaﬁﬁﬁgmﬁaﬂﬁu
InNsaAARBINY (Pasha & Mohamed, 2022; NIRITh]
Trauasaol uaziyen inesdslading, 2564)

nAnsnandsdu EI9pazNTiiamzing
s Anidmadanisialsnnsaniionauauaziin
Tt aymsiwnanuduiuoufeldsniuns
wensoinsiialsavaanideasues i S9s15a%
Tasvsdmmatwntglunsfanaensidesduzas
qﬂﬂa%%a;jﬂ'saﬁ'maél"aammnﬁﬁaﬁhnmﬂuﬁwaaﬂ
\answes wiauuamslunmsnaniaseiladofhadn
ﬂgﬂmwﬁuﬁufmaaﬁagmﬁaa@‘[ammémmaamﬂﬁ@Eﬂ
wazamMILEIAanzunsngaufionarnins wieide
e

nEiuazwIseitiete
1. widefifiaatas

NWITINMIMUNIFTNNYANNTUR UV
Fayamuninin lUdszyndldiufiadszinniiuenis
wuluuddeaes (Hgwsd Uszfid o aans ussams,
2563)ld3TuiAgafumslinganuduiusiatiaszd
NaMIIMITNNNUIMIIUITIANG lasRansmIan
nemsFsteasgndn Taonganudusiusildazgninmn
dsznaunsdaaula 1w msu‘imﬁﬂmﬁ'@lqauﬁlﬂu
nM3UsznaueImiy Lﬂjalﬁﬁi’mqamﬁmwa@iammﬁaams
maagnﬁﬂmwia:%’uT,@ymsmaaaﬁyfuvl,@i"tﬁuaﬁagamﬂms
FIT001MNITTIWINTIFN 1,574 3181017 lapuiianns
3mi’]:ﬁmmﬁwﬁufﬁagaaaﬂLflu NIRRT

J Sci Technol MSU

wazFsawnInauL laglfszpzianawiviafivdays
4 1fou lummansslimaaSoudays maudasdayas uaz
msé’mﬁansﬂﬂﬂws"ﬁagams%’a%ammi Tasidwldan
stuuunIEanilestayadisnszuIuns CRISP-DM
luwidoitldaiinganuiuiufvesdoyadioduaan
3% Apriori Lﬁa‘mgﬂmelaanwé"a%aawmsﬁﬁ@%uim
fuday 9 LazinganaFuRUuETaI 8M I I
31,@151:%%ﬂﬁmsmwmn@hmmL%aﬁuLLa:ﬁwaﬁuav‘mﬁ'
0.4 uaz 0.01 Gﬁammin%msw:ﬁmmﬁuﬁufmmﬁagaﬂﬁ
el “iT'nLﬂm'}ymsﬁLﬁﬂ%ulunﬂﬂgmwﬁwﬁuﬁ‘ LU BN
%aai"m;Jﬁmua:ﬁuﬁwrjmzﬁaa%ain wingagudvia
WUz dnTesdasdatn uaziliafionsanann e
mwm%aﬁuuaz@haﬁuaguﬁ 0.35 U8z 0.01 WU
Tndsseansasfivnnnganuinnusvastoys laud win
Tt MonuATIIHaITaTN UATHINGaRDIUATIRINDZ
F0980917 #9NAlHLI1T09IHEIRITENNNITATNHHA
ﬂ%mmmim“ﬁnlﬁtﬁmwa@iams@r"q%amadgjﬂﬁﬂmwi
8%

ﬂgmmﬁuﬁufmaaiagamaﬂ%v'aawa:ﬁm
m']m%‘aﬁugaLL@iLfiafjmezﬁuﬁ'sﬁh}mmzﬁuﬁumsﬁi’]
T4 léun windemazuwnazdesdadnn ademeiany
wqaﬂssm’%wadﬂflsé}'ammi"uadgﬂﬁw gnﬁwvlajvléfﬁaami
WnPuiade UL eI ITo e TUELAN
8w 9 uazmssadamuzutwiniiaiefsomaiinglils
Lﬂum@;wa%ﬁﬂlumié"aﬁ%amms

swiunmIaienganuFuRuivesdayaiu
ms’?Lﬂiwzﬁﬁagaman’mmﬂﬂﬁyfu suravn luae
AfadslsAnwiu (Huang et al., 2020) UazaT19NAN
FuRusveIninlsavaaaiienauas (Butryn et al.,
2021) Tag Huang et al. (2020) ¥aduifsriunsineay
Tsaiuwnu Lﬁaamﬂmﬂﬁm%aqmé’ﬂwmzﬁLﬂmaa
Taya (Feature Extraction) hiiwinzaudansifiadulsn
IﬂﬂLﬂuﬂtyM’mwﬁﬂuﬁaﬁa;‘J’a (Curse of Dimension)
Lﬁaaﬁnﬂqmﬁnwmzﬁmw (Feature Vector) finanifade
ﬁuﬁa"’m’mmnLmz"ﬁ“a%laﬁé’ﬂﬂmzﬁm:ﬁ@mzmy Uaz
iagamaéhvlaimmzauﬁa:mﬁﬂﬂ%ﬁm%’umﬁLﬂﬁzﬁ
wazfisdadoyafildlunsairsuuuiiassiwiudoys
mammwwﬂﬁ"lsjam;a (Imbalanced Data) o 391i15%
msﬁ@Lﬁaﬂqmﬁﬂwmzﬁmﬂﬁmm:au (Feature Selec-
tion) @283ITUINYANUFUAUD (Association Rules) uaz
MITINABYBIMUUUNITUUAYIELANE 83T
@8819luY Equilibrium (Random Equilibrium Sampling)
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Faminesasludinzansdaiongminsusfiasues
iagaﬁ?uvléﬁﬂ‘%ﬂuLﬁﬂuwamsﬂmaaﬁ'uifaﬂa%ﬁu
(Algorithm) CART, Relief L8z FRE-SVM laowuinis
Random Equilibrium Sampling Lﬂ%ﬁ%ﬂ’]iﬁLﬁuﬁzﬁuﬁqm
lunsdaifenamans e fitasvasdayalinuiniaiu
ﬁ%’w%fumi%'@ms‘*ﬁa%laﬁvl,aiam;avlﬁmaauﬁué’aﬂa’%ﬁu
FAMINTIF 3 Fanasfiy Usznaudn RBSBagging,
SMOTE-Boost 4az SMOTE-RF &9n13naaaswuinis
RBSBagging mmsn%’wmsﬁuﬁaQaﬁvlaiauqa"lﬁﬁﬁq@
Butryn et al. (2021)3381p AU T3Le T2
Foyalsannaaidonsuasiiennguidios lasmssiieng
ANuFuNuivaITayauaznIItATzRguinsueLih
%mﬂﬁvlﬁgmﬁan layayjsnanenanfeniaiauaitnig
3zqn§jm'§m é’afimzﬁaam‘%w“ﬁaga;‘?ﬂwﬁmmsﬁw
Interventions Lﬁ'amiﬁnmgﬁamﬂmmqﬂm il
Tuaaudt Apriori lumssianganuiniuia DYALAL
ﬁw"l,ﬂmqmé'ﬂwm:maﬁ]”a%laﬁLﬁ@%m'mﬁuﬁam%aﬁma
fanasamsiialsavaanidanauas aein lunsRanson
npanuFuiuiialdannudaiiu AETURYRY UAzAT
anH (Lift) lumsﬁmsmwmnﬁ@gﬂmeaaﬂgmm
&'uﬁuﬁ’maﬁagaﬁy’ul,uu LHS uaz RHS lagngaaa
é’uﬁuﬁfmachaQaﬁﬁ@hﬁﬂﬁgaazlﬁﬁas:qLﬂumjm‘émﬁ
wfalsanaeaiionanad Lm:ﬂéjuﬁﬁ@iﬁWﬁ@i’w:WLﬁa
5:1_qm§jm‘71'ﬂaa@ﬁmiamnﬁakwaamﬁamuaa

2. lsaviaanldondnal (Stroke Disease)

lsanaaalfaasuaadun1izauasvialian
ﬁLﬁmrmma@Lﬁa@auaaﬁmﬁaqmﬁu fiRenaanluuad
omsiduidealusuasiy vilwdealisunsaluidss
auadld vnlAioasauasriaeandlandInalianasans
fnnzunsndennasfavinliiAnanuidssanufinsus:
nwwamwﬁauﬁm%u oz %mmumﬁ URTATLE, 2564)
\ianidadoeng o 1o g o1 twer uazaaslune
glastan Serinliifinenudssdamsialsanaaaidan
FUDILAZNIZUNINDG W (Khumros & Ekpreechakul, 2019)
Tasnazunsndeufiiaainlsanasnidaaauasasyinli
drheddgmlunme mandu nsfudsenuenns uaz
Fanudawludunwdndin gihoazintiauazn
auTme gaioaneiEn enafidymlunisiansiu
1wl donaliifadymdunninssaiiaouudss uss
fonuiwlléfiasrlfiAansduai (fhauz 13 loae
WazAmz, 2565) Hananit lsAnaanidonguadonading
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lﬁ;‘?ﬂauﬁmmmﬂnéhmnﬁmuLﬁaamnmawadmsmi

'
=

Adpuuas evmamaniinnnanzunindouvaslsa
mﬁJLﬁ@“’ﬁu%msnﬁammﬂummﬁmimﬁﬁuagﬁu
segzfiauesnaion Goin ;jﬂwmﬁlﬁaavléf%'ums
°1hﬂmﬁalumi@LLaéT'JLaaLLazmiﬁﬁﬁﬁmﬂi:ﬁﬁu (@au
gnBwulnena, 2563)

smiudiholsanaaaiianauaimalaiums
%’ﬂmﬁﬁumaﬁazﬁﬂﬁgﬂayﬁlaﬂwaﬁué"smﬂnﬁ%'ﬂm
ldagamaiy mguainmgthelsanasafanauadis
fezuunsquadiholianasaianauadluszaniounau
(Stroke Fast Track) A%1szanEaw g9 J9uiznainm
fnswamnmsinenlagmslinazansauideaninase
\Raqan (Intravenous Thrombolysis) ﬁy’dﬁ Lﬁ:adﬁnﬂmﬂﬁ
mazmﬂ?{uLﬁa@ai"n,fluﬁaalﬁ;jﬂ’;ﬂIsﬂwwaLﬁuLﬁa@nﬁylu
el 4 S lusmdsfnenIneniiaasazidorng
MNMINAEen G Wndudasdaszuumsguarihe
Tsanaanidanauaslussosdounaudo s UUATuwINg
UfiTaiFaauuazas Lv"vjaiﬁ;‘?ﬂmmmsmﬁwﬁoms
Snwnldviunmolunmiiiinue (3138 435, 2564; migns
Halua3, 2562) %é’amﬁnmg}”ﬂ’aﬂﬁaavlﬁ%'umi@um,l,az
*ﬁuw‘lﬁgﬂﬁaqmmzamLﬁaﬂaaﬁumaumsﬂﬁau wivean
1w 2 322 e 1. szuzflouwau (Acute Phase) Aans
flasnunzunIngais 2. i:u:ﬁlm‘\jamw (Rehabilitation
Phase) flan13lith pUfTanaFuaziinnaiimsedn
udu Tasihmnsiugiusesnsiudiislanaon
Waaawes femsvhlddtheaunsn simmtaauaslild
mﬂﬁq@ Lﬂums:@iafywaﬁ%aﬁguaﬁaaﬁqﬂ (Kleindorfer
et al., 2021; i TAUAUE, 2561)

3. ﬂQﬂ’J’mﬁNﬁ%ﬁ( (Association Rule)

npanaFuRus 1lwitmmilmennias
78ya (Data Mining) mswmgmmé’uﬁufﬁmﬂuﬁ%ms
’Lumsﬁummjwﬁayaﬁﬁag Waldmansaiiasssianna
é’mﬁufmaﬁagaﬁﬁuwuLLa:a%meaanmlugmmwaa
ﬁa;&aﬁtﬁwﬁuimﬁuﬁwﬂﬁﬁaﬁ (Frequency Pattern) 1%
vasnganuFuRuslagniunlilunisienzdany
é’uﬁufmaaﬁagmm:mnﬁ@%uimﬁmaaf]a%’mﬁlﬁmﬁaa
(Frequency Item) tRawennyailonauazanuduwlule
PNNPANMAUTNRUTIY HaFWET IdvanganuFuRus
snansadiouldluzdunurassananis uinsiie e
anuFuRuiiiu 2 sduuy d@a LHS (Left Hand Side) uaz
RHS (Right Hand Side) lanfi LHS usasgtuuuasioya
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@T’]Wﬁ“’]smadﬂgmmﬁuﬁuﬂmuqmé’nwmzﬁﬂumq wa
RHS uaadgtuuuvaidayadiuninveInganufunus
Lmuqméanm:ﬁLﬂmﬂmmﬁ (Ampornphan, 2021; a5iua
Tuzia, 2565) gﬂLmungmmﬁwﬁuﬂmmvlﬁﬁaﬁ

X-v ™)

Taoft X dodouly uss Y Aanadwiitindu
6’1’}\1a’m’anLamlﬁagﬂugﬂJLLuu t..us (IF ...THEN ...)
(Kittiphattanabawon, 2022)lag35n1swIngauENRwS
maaﬁagaﬂi:naﬂﬂﬁm 2 Tuaam 1. mawzUuuuTaya
Afasniulon (Frequent Itemset) uaz 2. NI&IINY
ANURNUEAN Frequent ltemset 113# ngaaaFURUS
ﬁgﬂa%’w%umﬁlzgnﬁau%’uﬁ@ial,ﬁaﬂgﬁﬁmmwL%aﬁu
(Confidence Value) AN AUs AN ILE e
@1;’1 (Minimum Confidence Value)

N3z i uA1U8INHANNFNAUTEINIID
ﬁ'lmmﬂﬁmnﬁ’mﬁum&mm:@hﬂ'smL%aﬁu (Mohammed,
2023; U3z guan1IHad uazwes i, 2562) Goil

maﬁum&ul%ﬁws%fu"iﬂmmmauﬂumaa
ﬁhmmwslmimaaﬁa;ﬂaﬁl,ﬁmfmﬁu (0) o l3ou
Wouduswunemsranua (V) ugeads sums (2)

s(XUY) )

support(X » Y) = m

manuatuliiaanuiazndureimaia
mmé’uﬁuﬁmaoqmmmﬁaga LflElLﬁ@]LWi]ﬂ']ini%ﬁ\‘]
X LLST’;%:LﬁﬂﬁnLﬁqnﬁirﬁﬁﬁGWmm (V) uaauadgung

)
o(XUY)

confidence (X »Y) = e 3)

ee

WwABWID Apriori (Apriori Algorithm)

S
ee &2

Puaaudd Apriori LIunTzUIBWMIIRIRIUNT
mngmmé’uﬁufﬁﬁnauai@ﬂ (Agrawal & Srikant, 1994)
Amsitazlillddumannnnganudiuiidloniain
Tole Lwiﬁ]fzﬁumi@ﬂlﬁlfmﬁﬁmwuﬁuﬂﬂniﬁmaﬁum&u
4@ (Minimum Support Value) vl#aunsndaioa
Pemsfdanuiianlumafasiuiuaan (Uszya guann
Had uazwyd 1§, 2562; aauurl Ineided waznioen
Uwa’iqw’f{ 2564) (U3zyn FURNINDT LASWE 9, 2562
mn&umﬁgﬂLﬁaﬂazgnﬁﬂﬂlﬁﬁaa%wgﬂl,mwaa

J Sci Technol MSU

doyaluanduiialyl lasvimsdunzduunvesdeyaly
Boy 9 auﬂszﬁl'avl,sjmminﬁumgﬂLmumaa"ﬂagaﬁmu
Wi baan mnﬁuﬁw:ﬁ’lgmmwaaﬁagaﬁmummﬁm
siaywisnuauaadunganaduiug Taglinomet
Suenvesianudaiin (Wang et al., 2018)
qm@iumaq%umu%% Apriori fiaauLTIVad
msﬁ’umgﬂuuuﬁa;&aﬁLﬁ@imﬁuﬂaﬂ WAUNZEIRTUTA
iagaﬁﬁﬁﬁaﬁquﬂﬁagaLLa:smmﬁTa;&aﬁ'\muum
I@mzvl,&iﬁmimwgﬂLLumTa%laﬁ%wﬁﬁmmﬁ@%ﬂn’hmmﬁVT
firwualy WHns Unmuurl uazaana w3als, 2561)

a

5. 78 FP-Growth (Frequent-Pattern Growth)

3% FP-Growth tJunitsluisnisvasnsaum

' [
a

suuuyy aaﬁagamﬁ@ﬁm’mﬁuﬂaﬂﬁﬁﬂszaw%mwﬁﬁq@

#ANNNT22930 FP-Growth Aaazlifinsaths Candidate
ltems LazaUTBYRINIUTOYALNES 2 a%1 fulasssia
msémﬁagaﬁﬁm’h FP-Tree 5%ilauilunmsuriiaym
a3 Apriori ’Luudmadmsémﬁagammﬂﬂ%@ﬂﬁﬂgﬁu
FoyarililFaumlunisuszuauaiialildngany
FUAnS lasaainauuy Tree Structure Traldiiaainu
fUNUTIZAINY Itemsets TatayAIzULN Items aniu 1
saufiiniu lagidonin 1 emsfiieutas wia One
Frequent Itemset (Shabtay et al., 2020) NILLIBNIIN
22558 FP-Growth azutsaaniilu 2 Tuaau lagduaani
1 92MIFT FP-tree lagazyinmMssuwiItenndn Support
maagﬂLmuéhLLﬂw%aﬂﬁ]%'yﬁLﬁmﬁuua:mﬁ’mﬁ@ﬁm%ga
mumaﬁumgm’mmmﬂiﬂmﬁam’%mnf'] Tree Phase
LAzTUAaUT 2 EECRAR I asiladufiSanuduiusiu
9N FP-tree figtodnluduaanusni3oniuaonitin
Growth Phase la373U&33% FP-Growth azlfiianitay
ni1lun1swn Frequent ltems uddnazifiadynifivge
“ﬁayaﬁﬁmim:mwaa“ﬁagamﬂ FaasFuny Frequent
items |66 (Bagui et al., 2020; BT WATWT NLERA,
2561)

6. 8n13Eclat (Equivalence Class Clustering

and Bottom-up Lattice Traversal Algorithm)
3%M3 Eclat {udana3fiugniunsning
ANufuRuiveItoys %aﬂumsﬁwuﬁa%@mjmaa
Frequent ltemset 3] Fedanasfiv Eclat Wlddudanes
fuwsng dmiunsmingenuduiuivasdays danad
ﬁwﬁugm%ﬁﬂﬁa'ﬁ% Apriori Algorithm lasidana3#ia Eclat
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U3u1398191n35n3 Apriori VL@Tgﬂﬂ%'uﬂEJﬂszaw%mw

[
=

MumMIMwIlAisIn

dana3fiu Eclat azlafinnsnivuadn
Confidence wazen Lift Asnafianusuiugwiunsinll
Siezianuiuiug lumenduiwdelidasing tuning
wiminaiens g Faadudefivildduuusmiunmswng
anwidiwu Wwmadenlidldsznineanu
TumsminganuFuius wialinmnnuawasndds g
eanumanzanwasmsldundenganuiuiussmsy
TsinlAiaes &sivinaulaieaiudanasiinde fiu
@auN17 Intersection 321314 transaction ID set U84 Items
Suaeuilvin¥3Ems Eclat uanesiUaE Apriori 39y 1w
39 Eclat L%’Jﬂ’hLWi’]:ﬂ’]iﬁﬂ‘lﬁWﬂﬁg@]ﬁ Intersect 8470
Transactions IDs ¥liilunszuawmsfiseninmsmiias
Transection w"w"a%'ugi ltems (mﬁau”?‘% Apriori)

FEmawinganuFNRUET93S Apriori Sullu
ADAUULLLEZAD Eclat gmiwmlﬁﬁmﬁu Lasfiasngy
WUSUN LT% nITaInsnsEudILuUaawlal azins
Ui Fui Ao dasiuafitaula (Online Shopping)
vﬁaLﬂum‘%adﬁaém%fumsﬂ%’uﬂ;amimamyauﬁﬂumi
%amm’m%ﬁﬁm (Store Shopping) (e (Das et al.,
2018)

FAADHNTANRBNITIVE

it dumAtedmasanganadiiug
V8ITBYA LﬁaﬁummwﬁwﬁuﬁmaaﬁagakwaamLﬁa@]
aupsiuiedufiisadas uasdadoniladofigonadany
\Ralsanaaaidanauasnngiiasdudas 2 35ms ldun
TunaudT Apriori 1833 FP-Growth 3ntiuaziniladed
Haanis 2 3Fmsutsudsuiuilededildannig
FwITA83E Gain Ratio %4 dwitniAalianguanmue
wiailainfimunzan lasmnaseveslfzadaysanasgin
(Benchmark Dataset) LW@e21%

Iumuﬁﬁﬂﬁvlﬁmhm:uaumm%ﬁamﬁaa‘ﬁaga
(CRISP-DM Process) (Plotnikova et al., 2022; Anddna
11305 WazAmkz, 2565; FIun FNBId, 2560) ANV 5

e

duaenwinlfidlunsauvesmysifiumyasy aoil 1) M3
manadhladywuszmavinanudilidays 2) M
Juutdoya 3) mﬁmmﬁa;&aﬁhiamqa 4) MIRIIUY
MaasANuFuRUsTaItaya uaz 5) nmyiadszAnnn
fiwazBoadadalyil
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1. mananudnlilym wezmsvinanudnla
°1Taanla (Understanding the Problem and Data)
ANNNTEI1TIAVBIRNTAN World Stroke
Organization WuigandwInNdszaudywilsanase
\Weaswad biinAdeldfumunadeyaduiwinan
sialEFnsunssnmn Jufaratoyalianasaiion
auasinounslwivlod Kaggle uwazinddulaiduga
°iTaHammgmﬁa:ﬁwmﬁﬁ%’mﬁlaﬁLﬂswzﬁmﬂaﬁﬂﬁwﬁ@
fvnlAalse uazmanensoimaialse Wudu ualu
sdded faiulumsiensimileisidaiviliiaae
lsanaaaiiaaaaad T,@ﬂﬁmimﬁmn“ﬁagaﬁwmuﬁdéu
4,982 783 (Record) 1o pUayaudazNaMILEnaueie
{1998 (Factor) viswwa 10 {998 Usznaudis twe g
AOULMITUAINB ﬁszmwﬁagmﬁﬂ UselnnUedau M3
gm.qm‘%l Frfiuname srduanuduEen sEeUtiaaln
\ea nzlsniala lagkaaws (Output) 283dayamanIn
utiseanidu 2 ngy (Class) Ao (ulsanaanifoasuas
uazldiiulsanaanifanauas

2. mim’%ﬂmﬁaga (Data Preparation)
Tusawmaassudaysidunsiaaronga

dayatsznavldpiaivniaSuniuenn3ing (Atribute)

'
A

Agsnadalonianisiialsavaaaidonauas doiilu
iagaﬁ'ﬂ'ﬂ&igﬂuﬂadﬁﬂﬁagﬂugﬂuuuﬁmmsnﬁwiﬂﬁw
mefmaamwé'uﬁuﬁ“"uaaﬁa%la"lﬁ 9100 TR BUNILAT
auﬁagaﬁsmauﬁmﬁa@iﬂﬂﬁ
2.1 mautlasdnoya (Data Transformation)
“ﬁy'umaummﬂaamﬁa;&a WWwn1sdsu
slunvvastoyaliadluguunln %a‘ﬁuag’ﬁuﬁﬂwmwad
ia;gaﬁ%’mﬁu \gu Jadnang (Age) iagammqﬁl,ﬂuﬁ’amm
azpnuiasenliidugasvasin leur Old-age, Adulthood
e Teenage fadplsannuauladia (Hypertension) L8z
150l (Heart Disease) azpnutaseniu 0 = No uaz 1
= Yes 1a38Lne (Gender) 2zuladd 1 = Female uaz 0
= Male LTuan waé’wfmmmﬁaamﬁagameé'a Table
1 uaﬂmﬂﬁﬁmmﬂaaﬁa;&aslﬁlﬂmmuvlum% (Norminal-
ToBinary) Wiamiudasddayaliadlugtuuy 2 ddaya
Paduaaziads
2.2 MINANNAZE1AToYA (Data Cleaning)
LﬁamJmmlﬁﬁ'uﬁaga‘[swaamﬁa@
auaadufizoudes nszuannisdalldanisvinainu

(3

F2ONATONR ALATNITATIVROUAINNDT T UL aaﬁaga

U
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(Data Redundancy) Lmk“ﬁﬂ;&ﬂﬁﬂ%@h’hd (Missing Value)
lasfifandwmdiamiadayanisesdiuaanly :1uids
atuiRaanmsiamsiindemIaugayaua e
7798an (Deleting Missing Values) Lﬁaﬁmimwmﬂﬁaga
98 4,982 swmswudwﬁ"ﬂagamﬂﬁa 59.88% Hiiln
Toyanidua1ing asiu Lﬁaauﬁayaﬁtﬁumdwaaﬂﬁﬂﬁ
A v nl' o % % v 6
maamagam:mvl,ﬂmwﬂgmmauwumwm 1,999 183

Table 1 lllustration of the outputs of the data transformation.

Stroke Factors Outputs

Gender - Female

- Male

Age - Adulthood
- Old Age

- Teenager

- Yes
- No

Hypertension

- Yes
- No

Heart Disease

- Yes
- No

Ever Married

Work Type - Children

- Government Jobs
- Never Worked

- Private

- Self-employed

- Rural
- Urban

Residence Type

Average Glucose Level - Diabetes
- Normal

- Risk of Diabetes

Body Mass Index (BMI) - Normal
- Obesity

- Underrated

Smoking Status - Formerly Smoked
- Never Smoked

- Smoke

3. mﬁ'@mﬁagaﬁ"l.ajauqa (Imbalanced Data)
Lﬁaﬁﬂmﬁmﬂzﬁﬁagaﬁt@%m 1,999 318N13
wuiwaﬁmumaaﬁa;&ahu@ia:ﬂmawaé‘wfmaomﬁuﬁaya
fidosmmihanaangenuiuiuiiududeysdlisuga
(nen Joyan waznsd uaonge, 2566) ilaand
'«j’wmuiagmmmg'ukﬂmamﬁa@aum (Stroke = Yes)

J Sci Technol MSU

WU 180 NBMT Lm:ﬁﬁi’wmwﬁagamaanﬁjuﬁvlajtﬂuisﬂ
waaaldaaguas (Stroke = No) 9 1,819 183 G989
FINAAINMIRIINYANNFURUTUAZ NN AN LT
ffmaeansiialsanaoaifansuos Foiugisndsld
wadia Synthetic Minority Oversampling #3al3aniinafia
SMOTE (WNTW3 SUsIsulul waz Lenise dadana,
2562) Lﬁaﬁﬁmmﬂ%fmﬁmwymimaamjukﬂmamﬁam
aU0IRTLADS 180 T18MT rawudayazasngulia
waaaldaaguastAndwiy 1,746 s1ums WWlndidusiu
ﬂﬁjwﬁvl,&il,ﬂuisﬂmamﬁa@auaa garhaudrliladaya

'
=]

Alfan v ldaiinganaduiuivesdoyaiiuin

(2
a

VaRw 3,565 T18N3

it e liAndanwueInInIzan ey
iagmfiaﬁmsﬂ%’u“ﬁagaslﬁawqa dadrldauadionmn
a;ﬂmwnmaaﬂ’%mmmsmﬁyuuﬂmmad"ﬁaga AILTAY
lu Figure 1 %aﬁ]’m"g@ﬁagaﬁﬁﬂmmaauﬂizﬂauvl,ﬂ@}“’m
aduvisan 10 11238 uasadwian 1 $Ja3u (Stroke: Yes,
No) 3nnnsWaLasAailads Stroke Afldmauda No uaz
Findudemaeuiu Yes

lay Figure 1(a) waadlRLARTINTINIIUIN
WaE% 11 N G‘f;m,ﬂunﬁWn'aumsﬂ%’uﬁagalﬁauqa A
Figure 1(b) 1Junawnasanuiudeyaliangadiois
SMOTE %GLLa@dNaLﬂ%miﬁgﬂm Descriptive Statistics
Pasudazdads wazuaadduanwaenIWuLLL Histogram
ﬁawaﬁﬂﬁﬁuﬁdmsm:mﬂéf'suamamﬁmmi"uaﬁaga
’meia:ﬂmaﬁaﬂ'amm:%é’amnﬁn’mﬂ%’uampmadﬁaga

4. nmIgubuIIsaInnuFuRuiveItoys
(Building an Association Model)
TUAIUMIEIUL LTI aIANL R UL
Toyaldinimaseudan 2 35013 ldun 35 Apriori uaz3s
FP-Growth lagmsWaIssnnganusunuiazRansomn
ﬁagaﬁ'Lﬂuwaﬁwfaﬁﬂnsjuﬁl,l,a@a'jwLﬂuisﬂ%aa@Lﬁa@
§ua3d (Stroke = Yes) wuy RHS LHunan Gﬁatﬂugmmu
289 Itemset AiHsdusNuIngANUFNRUS 1iasan
ToyaraLdulinwmied 180 3183 Z9lsiAsanade
maildsfanganuduius il annimasaswy
'j’lmnﬁluﬁa;&aﬁw%% SMOTE vilWidayaiisanase
mahluafenganuduius lasdmimuadaiuauu
wazenanudedudiaridmasauiuns 2 35mIuaad
¢4 Table 2 WAz Table 3 ANNAU
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Table 2 LIunInNaaasa283D Apriori LEA4
1ﬁmummsmﬁumauuauu (Support Value) uas i
mmmauu (Confidence Value) mmnmanuﬁnmu 11
a5 (Time) anduldhmimuuedaivauuuszdnana
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winganusuwus (laafarsanainaaduil Number of
Rules Cause Stroke: Stroke = Yes)

(a) Data distribution of imbalanced data

(Before adjusting the data)
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(b) Data distribution of balanced data

(After adjusting the data)

Figure 1 The histogram for an overview of the aggregate descriptive statistics factors

Table 2 lllustration of the support and confidence values generated the association rules that impact the stroke

(Apriori algorithm)

Times Support Values Confidence Values Number of Association Number of Rules Cause Stroke
Rules (Stroke = Yes)

#1 0.9 0.9 0 0

#2 0.9 0.85 0 0

#3 0.85 0.8 0 0

#4 0.85 0.75 0 0

#5 0.8 0.7 2 0

#6 0.75 0.6 4 0

#7 0.5 0.3 114 0

#8 0.4 0.3 414 10

#9 0.3 0.25 1756 130
#10 0.27 0.25 2706 178
#11 0.2 0.1 >5000 >550
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Table 3 lllustration of the support and confidence values generated the association rules that impact the stroke (FP-

Growth algorithm)

Times Support Values Confidence Values Number of Association Number of Rules Cause Stroke
Rules (Stroke = Yes)
#1 0.9 0.9 0 0
#2 0.9 0.85 0 0
#3 0.85 0.8 2 0
#4 0.85 0.75 2 0
#5 0.8 0.7 8 0
#6 0.75 0.6 18 0
#7 0.5 0.3 432 0
#8 0.4 0.3 1496 0
#9 0.3 0.25 >3000 0
#10 0.27 0.25 >5000 0
#11 0.2 0.1 >10000 0

(3971 10-11) FINAMINARBIBBNNHUINNT
10,000 ng) uen ldngMiiennuduiusiudadunadns

Stroke=Yes 3¢ldaunnringanufunuiilaainis

D
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5. M¥1aUsz&NTA W (Evaluation)
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Table 4 Examples of association rules generated using the Apriori algorithm

Rule No. Association Rules Confidence Values
1 Age=old age BMI=Obesity ==> Stroke = Yes 0.73
2 Age=old age Ever married=Yes BMI=Obesity ==> Stroke = Yes 0.73
3 Age=old age ==> Stroke = Yes 0.72
4 Age=old age Ever married=Yes ==> stroke = Yes 0.71
5 Age=old age Ever married=Yes ==> BMI=Obesity stroke=Yes 0.61
6 Ever married=Yes work_type=Private BMI=Obesity ==> stroke=Yes 0.60
7 Ever married=Yes Residence_type=Urban BMI=Obesity ==> stroke=Yes 0.59
8 Ever married=Yes work_type=Private ==> stroke=Yes 0.58
9 Ever married=Yes Residence_type=Urban ==> BMI=Obesity stroke=Yes 0.56
10 Ever married=Yes BMI=Obesity ==> stroke=Yes 0.54
11 Residence type=Urban ==> BMI=Obesity stroke=Yes 0.52
12 Heart disease=No Ever married=Yes BMI=Obesity ==> stroke=Yes 0.52
13 BMI=Obesity ==> stroke=Yes 0.51
14 Hypertension=No Ever married=Yes BMI=Obesity ==> stroke=Yes 0.50
15 Heart disease =No Ever married=Yes ==> BMI=Obesity stroke=Yes 0.50

NAN13398 (Experimental Results)
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77 Apriori (Finding Association Rules with the Apriori
Algorithm)
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LLamwaé’wﬂﬁdwqﬂﬂaﬁvl,&iLﬂuliﬂﬂawuﬁuLL@iﬁﬁwﬁmﬁmaa
ma (BMI) wianasanauniniulindiu (Obesity) was
uasnuuazilomadulsanaeniiaaanadmiudining
‘i 0.50 a:LﬁuVL@T’j'lLﬁ@ﬂitﬁﬁi’]ﬁyﬁm“ﬁagmflu No
Fsfidelsnenuaulafia (Hypertension=No) winpfisyana
Alaidulsannuen Wilswnadelsannuduwlifoidos
funsifalsanaaaiiensuas NN ANARURUET 15
ﬂg*?'iaméhaﬂ"muwmﬁuvlﬁd’]ﬂa%'ﬁﬁmmqLLazmé"ﬁﬁma
mMofinenuFuRHERfIHadansIAalsAnaoaEanauos
@Twmm'}m%aﬁuﬁga ST AW ETL AR
%mzl,ﬁuvlﬁ'jmmaﬁagliélu"ﬁ’mgdmquazﬁmﬁmﬁu'sanm
ﬁagilumm*ﬁmmmnﬂu‘[sﬂﬁauazﬁiaﬂwaLﬂuIsﬂ%aaﬂ

'
=) =

LREARNBININTFA

2. mynnzdihiofiianusdydemaia
lsnnaaalRansuaIIINNYANUFUAUS (Stroke Factors
Analysis using Association Rules)
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Table 5 Factors causing stroke are computed by the

Apriori algorithm

Number of Frequency
Stroke Factors

Factors
BMI = Obesity 65
Ever Married = Yes 54
Work Type = Private 24
Heart Disease = No 24
Age = Old age 14
Hypertension = No 14
Residence Type = Urban 14
Average Glucose Level = Normal 4
Smoking Status = Never smoked 0
Gender = Female 0

3. miﬁmﬁaﬂqmﬁﬂwmzﬁLﬂmﬂnﬁayakﬂ
BROALRDAFNBIAI8ID Gain Ratio (Feature Selection from
Stroke Data using Gain Ratio Method)

myeneiihisifanuidydaniaia
l5an80al8aaguaI%aNIINNIIRINGAMNUTNA RSV
Toyaudd169818130143% Gain Ratio Wadaldan
Auanwusilasndayaldiguidsiiu lasdt Gain
Ratio 3afaanaiunuduitnsdaiientedualianis
LLﬂd“ngmalaaaﬂL‘flu‘*gﬂﬁagaﬂamﬁammmmmﬁmmm
Toyadaun13laen Split Information Falluenfiuansi
ﬂ’%mmﬁagaﬁgmmmamﬂu‘gﬂiagaﬂammmﬂﬁﬂ
nne {19983 (Pasha & Mohamed, 2022) Wa&WEI1NNN3
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Table 6 Factors causing stroke are computed by the gain

ratio technique.

Factors of Stroke Gain Ratio Values

Age 0.14838
BMI 0.10122
Ever Married 0.06952
Hypertension 0.06845
Heart Disease 0.05936
Average Glucose Level 0.03737
Work Type 0.0342

Residence Type 0.01166
Smoking Status 0.00799
Gender 0.00209

(a) Data variation of imbalanced data
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(b) Data variation of balanced data

Figure 2 The scatter plot of factors association for observing data variation
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Table 7 lllustrated the factors causing stroke are com-

puted using the Apriori algorithm.

Factors Causing Stroke Compute

using Apriori Algorithm

BMI = Obesity

Ever Married = Yes

Work Type = Private

Heart Disease = No

Age = Old age

Table 8 lllustrated the stroke factors causing stroke are

computed using the gain ratio technique.

Stroke Factors Causing Stroke Compute

using Gain Ratio Technique

Age

BMI

Ever Married

Hypertension

Heart Disease
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Abstract

This study set out to determine how cement to sugarcane bagasse ash (SCBA) ash ratios affected the physical
and mechanical properties of SCBA-concrete mixes. Cement to SCBA ratios of 0, 10, 20, 30, 40, and 50% by weight
of binder were used in the trials. Examples of concrete were cast, and were subsequently cured in water for 3, 7, and
28 days while keeping a slump flow percentage of 110+5%. Data from test results were quantitatively and comparably
analyzed. The results from X-ray fluorescence showed that half of the composition in SCBA was SiOz. Using a
Scanning Electron Microscope it was found that the bagasse ash particles had an irregular shape with highly porous

texture; it was classified as nearby Class C pozzolan, with an average specific gravity of 2.21. Bagasse ash sample
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lost 10.85 % of its weight during ignition. Mechanical tests of the compressive strengths of mortar blended with bagasse
ash at 10, 20, 30, 40, and 50 % by weight were 247.59, 230.75, 193.30, 159.53, and 149.44 kg/cm’ respectively. To
make concrete masonry units, it was possible to combine mortar and coarse aggregate (chipped stone) in a 1:1.5
ratio with 10% bagasse ash substitution, which produced the best results. The concrete masonry unit had an average
compressive strength of 33.74 kg/cmz, making it a hollow non-load-bearing concrete masonry unit, in accordance with
TIS 58-2560 (Thai Industrial Standards Institute). The results demonstrate that SCBA can assist lower production costs

by serving in some cases as a cement substitute. To profit from advantages in both quality and cost, it is crucial to

take into account the selection of binders from SCBA as biomass.

Keywords: Sugarcane bagasse ash, biomass, mechanical properties, compressive strengths

Introduction

With increased construction of buildings in both urban
and rural areas, there has been a constant increase
in the need for construction materials. There is no
denying the continued popularity of conventional building
materials. Sandstone, limestone, marble, granite, and
soils rich in clay are among the available natural
resources. It is therefore essential to give this problem
careful thought and to propose some sustainable solutions
in order to make alternative materials available to address
it. The construction sector consumes a significant portion
of the world’s yearly resource consumption—nearly 50;
which places a strain on the environment, ecosystems,
and natural resources (Meglin et al., 2022). Many
scientists from different nations have experimented with
using sugarcane bagasse ash (SCBA) as a partial
replacement for cement and a small amount of fine
aggregate in concrete (Thomas et al., 2021; Khalil et al.,
2021; Batool et al., 2020; Yogitha, 2020). After burning
sugarcane bagasse, is left behind after all of the
economically viable sugar has been extracted from
sugarcane, sugar factories produce sugarcane bagasse
ash (Minnu, et al., 2021). Bottom ash from the boilers
and fly ash from the gas washers are also parts of
bagasse ash. Both organic and inorganic components
make up the ashes, however fly ash has a higher percentage
of organic material than bottom ash. Alumina and silica
around the sugar mills are reported to contribute to
environmental problems brought on by the disposal of
this material (Lathamaheswari et al., 2017). In Thailand,

more than 200,000 tons of bagasse ash are produced

annually. The primary benefits of bagasse ash are that it
is ready for use and less expensive to produce because
it is produced by already-existing plant (Athira et al.,
2021). Thailand is one of the world’s top producers of
sugar; the country produces enormous amounts of
garbage, which could cause disposal issues if proper
management practices aren’t used (Gheewala et al.,
2019). SCBA, or sugarcane bagasse ash, is a type of
solid waste produced by the sugar processing sector.
Each ton of bagasse burned may produce 25-40 kg of
bagasse ash (Amin et al., 2022), and as a result, a
sizeable amount of SCBA may be produced. Globally,
1,500 Mt of sugarcane are produced each year, and once
the juice is extracted in sugar mills, 40-45% of that crop
is bagasse (Shafiq et al., 2016). Bagasse ashes refer to
both bottom and fly ashes that are produced as byproducts
of burning or incineration. In most modern plant, fly ash
and bottom ash are combined in the water channel that
exits the gas washer (Prasad et al., 2022). This waste is
often dumped into sumps and, in certain cases, applied
to the ground as a soil amendment (Kishor et al., 2022).
It has been commonly advised to take bagasse ash into
consideration as a nonhazardous waste item (Khawaja,
et al., 2021; Thomas et al., 2021). The use of SCBA, an
agro-industrial residue available in many nations, has
been shown to typically improve the behavior of cementitious
construction materials, as shown by earlier comprehensive
investigations (de Sande et al., 2021). Concrete, including
cementitious material (Quedou et al., 2021), recycled
aggregate concrete (Yashwanth et al., 2019), high-

performance concrete (Wu et al., 2022; Murugesan, et
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al., 2020), and ordinary concrete (Loganayagan et al.,
2021; Abbas et al., 2020), have utilized SCBA as a
pozzolanic ingredient. Being nonhazardous, however,
does not necessarily imply that it has no effect on the
environment. Due to the common use of SCBA as
fertilizer or its disposal in landfills, environmental issues
have grown more serious (Xu, et al., 2018). However,
with numerous applications, including sealing materials,
pozzolanic material, blocks, and soil amendment activities,
the economic significance of this solid waste has been
realized. Compared to other common pozzolans, there
has been relatively little study of the use of SCBA as a
cement replacement material in concrete.

Based on the feasibility of SCBA as a cement
replacement material, this study has sought to replace
the cement in the concrete mixture to the extent of 0, 10,
20, 30, 40, and 50% by weight. The results of multiOple
tests are presented. Morphology, elemental make-up, and
physico-mechanical properties including compressive
strength, mortar test, and water absorption are all con-
sidered throughout the inspection. Additionally, the con-

crete sample’s forming test and Vebe test were examined.

Materials and methods

Materials

The sources of the materials used in this inves-
tigation were as follows

Cement. Type | ordinary Portland cement is the
most widely used type of cement. Numerous tests were
performed including standard consistency tests, setting
time tests, etc.

Fine Aggregate. Sand is typically used as the
fine aggregate. A minimum void ratio should be achieved
by the sand particles; a greater void ratio necessitates
the use of more mixing water.

Coarse Aggregates. Crushed aggregates wew
normally employed and in this work were nominally
evaluated at a maximum size of 9.5 mm.

Water. Water from the Metropolitan Water
Supply that complied with ASTM C192/C192M for water

for concreting and curing materials was used.
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Sugarcane Bagasse Ash. The sugarcane bagasse
was collected at the Kornburi Sugar Plant in the Nakhon
Ratchasima area of Thailand. Subsequently, SCBA was
sorted using a standard sieve No. 16 (1.18 millimeter in
diameter) with a hold size of No. 200 (75 micrometers in
diameter) to remove big particle pollutants caused by the
incomplete combustion process. In the mixture, SCBA
was used as a pozzolanic material to replace cement to
the extent of 0, 10, 20, 30, 40, and 50% by weight of the
binder.

Mortar and concrete mixes design

This section briefly describes an assessment of
the mortar and concrete in addition to the SCBA types
that were used. The preparation of materials and testing
material properties were evaluated at the Material and
Testing Laboratory, Department of Civil Engineering,
Southeast Asia University.

1. Concrete masonry was made using a hand-
pouring mold that was suggested by a seller of concrete
masonry molds. In summary: the mixture was pushed
firmly into the framework using a stick until it reached
approximately a third of the way up the mold The mold
was then filled to approximately 2/3 full with the mixture.
The final layer of mixture was added into the mold with a
forceful push. Finally, the mold was, disassembled after
giving the surface a firm push to level it.

2. To evaluate the water content of the mortar,
bagasse ash was used in place of cement at weight ratios
of 0, 10, 20, 30, 40, and 50%, with flow control set at
110£5% in line with ASTM C1437.

3. To produce a concrete masonry unit in
accordance with ASTM C109, the first two ratios with the
highest compressive strength were chosen, and the
mortar's compressive strength was tested at days 3, 7,
14, and 28. An experiment was conducted to determine
the results of the ASTM C 311-02 compliant mortar test
for the Strength Activity Index.

4. The concrete masonry mixture was made
using a 1:2.75 cement to sand ratio in accordance with
ASTM C230. After much trial and error, a mortar: coarse
aggregate ratio of 1:1.5 was used for the forming process,
with bagasse ash being used in place of one part of

cement at weights of 0, 10, and 20%,.
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5. Concrete utilized for the shaping of concrete
masonry units was mostly slump-free and relatively dry.
The ASTM C143 slump test was not appropriate in this
case since it cannot identify the mixes for concrete
masonry unit forming and we employed pozzolanic
elements in the mortar. Instead, the researcher
determined the appropriate water to binder ratio using
Vebe testing in line with BS EN 12350-3. Vebe is a

useful laboratory test that benefits from having a
treatment of concrete that is relatively similar to the
manner of placement in practice (Shamsaei et al., 2019).
A typical slump cone is put within a 305 mm diameter
cylinder, which is rigidly attached on a flow table and
adjusted to provide a drop. After the slump cone has been
properly filled and removed, the concrete is covered with
a disc-shaped rider. When the glass plate rider is
entirely covered in concrete and all crevices in the
concrete’s surface have vanished, the remolding is
thought to be finished. The time in seconds, known as
the Vebe time, needed for the remolding to be completed
is considered to be a measure of the mix’s workability
and is stated as the input of energy required for compaction.

6. Concrete masonry unit formwork testing
using a trial-error ratio for the cement mortar to coarse
aggregate ratio. Once the appropriate ratio for forming
had been established, the compressive strength of the
concrete masonry unit was then tested based on significant
criteria, with reference to the Thai Industrial Standard (TIS
57-2533 and TIS 58-2533) and the American Society for
Testing and Materials (ASTM C140, ASTM C90 and
ASTM C129).

Analytical methods

The data analysis is organized into three sections.
The first section examines mortar by investigating the
impact of water content on flow values and compressive
strength of mortar that mixes bagasse ash in a variety of
ratios. The second section examined the impact of

concrete using the test-derived mortar to coarse
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aggregate ratio of 1:1.5, controlled by the slump value at
0, and then the VB duration was determined and a
compressive strength test was performed after 28 days.
The type of concrete blocks that were produced from the
study are evaluated in the last section of this report by
comparing the compressive strength of concrete blocks

to TIS criteria.

Results and discussion

Physical characteristics of materials

Cement: The specific gravity of cement is 3.17
as per ASTM C118-16.

Fine Aggregate. Specific gravity and fine aggregate
adsorption in this investigation were 2.54 (per ASTM
C128) and 1.01 (per ASTM C29), respectively. Fine
aggregate is defined as fractions between 4.75 mm and
150 microns, and its unit weight in its loose state is 1,620
kg/m®.

Coarse Aggregates. The specific gravity of
coarse aggregate was 2.68 as per ASTM C127, the
adsorption of coarse aggregate was 2.05 as per ASTM
C29. In its loose state, coarse aggregate had a bulk
density of 1,540 kg/m®.

Sugarcane Bagasse Ash The specific gravity of
SCBA was 2.21 as per ASTM C118-16.

Chemical composition of Portland cement and
SCBA. The chemical composition of Portland cement and
raw SCBA was investigated using a wavelength-disper-
sive X-ray fluorescence spectrometer (XRF) at the Mate-
rials Technology Laboratory, School of Energy, Environ-
ment and Materials, King Mongkut’s University of
Technology Thonburi. The results are listed in Table 1.

The percentage of pozzolanic oxide (Si02+AI2O3+
Fe203) in SCBA’s total composition was 55.65 %. Because
of its high amount of SiOz, SCBA has been shown in
several investigations to have a chemical composition
that is ideal for usage as a pozzolanic mineral (Zaheer,

& Tabish, 2023; Lyra et al., 2021).
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Table 1 Chemical composition of Portland cement and

SCBA, in wt%.

Chemical composition Portland SCBA

of the binder cement (%) (%)

Silicon Dioxide (SiOz) 20.9 50.0
Aluminium Oxide (AIZOS) 4.8 3.16
Calcium Oxide (CaO) 65.4 2.93
Ferric Oxide (Fe203) 3.4 2.49
Potassium Oxide (KZO) 0.4 2.27
Phosphorus pentoxide (ons) - 1.21
Magnesium Oxide (MgO) 1.3 1.05
Sulfur Trioxide (SO,) 2.7 0.48
Sodium Oxide (NaZO) 0.3 0.21
Loss on ignition (LOI) 1.0 10.85

Morphological Aspects

Scanning electron microscopy (SEM) has been
widely utilized by researchers to examine the microstructure
of SCBA concrete because it can show how the material
transforms morphologically from raw components to
hydrated forms (Zaheer & Tabish, 2023; Li et al., 2022).
The surface micrographs of the particles are provided by
the SEM analysis. The carbon particles of SCBA have
been found to be similar to elongated oval shapes
(columnar fibrous structure), which have a variety of
sizes and shapes (Jagadesh et al., 2020). Additionally,
there are prismatic (tetrahedral) particles present, which
are similar to crystalline silica and have a well-structured
edge. For partially burned particles, it has also been
reported that they have a high percentage of porosity and
a cellulose sheet-like pattern (Jagadesh et al., 2020). The
cellular sheet patterns found in SCBA have been linked
in some studies to the imperfect development of crystalline
phases that accumulate as meta-stable crystalline
particles, making them water-absorbent (Zaheer & Tabish,
2023; Jagadesh et al., 2020). As previously mentioned,
SEM reveals the SCBA particles to have surface holes
and having a cellular sheet pattern, oval forms, elongated
layered shapes (fibrous structure), and prismatic tetrahedral
shapes (crystal silica structures) (incomplete crystallinity).
Raw SCBA was tested SEM at the King Mongkut’s
University of Technology Thonburi’'s Materials Technology

Laboratory and its properties matched those of cristobalite
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silica. Figure 1 depicts the particle shape of the SCBA
used in this study. SEM imaging, which has improved
contrast and spatial resolution, makes it possible to identify
cementitious materials in SCBA and provides supplementary
capabilities for element analysis. The pozzolanic activity
of SCBA can be lowered by the raw SCBA, which
typically burns inefficiently and contains a lot of fiber
particles with a high amount of amorphous carbon (Li et
al., 2022). Cristobalite particles have a well-structured
edge with a smooth surface, as seen in Figure 1(a). Even
after burning, SCBA, which is only made up of fibers, may
still produce particles with prismatic or elongated layered
morphologies or fibrous structures, as indicated by the
fibers in Figure 1(b). The crystalline phases are shown in
Figure 1(c), while the surface pores that still plainly exist
are shown in Figure 1(d). Figure 1(e) depicts a high pro-
portion of porosity in the SCBA structure, while Figure
1(f) displays tetrahedral forms, crystal silica structures,

and imperfect crystallinity particles.

Figure 1 Morphology of SCBA'’s particle; well-structured

edge (a), elongated layered shapes (fibrous structure),
and prismatic (b), crystalline phases
(c), surface holes (d), high percentage of
porosity (e), and tetrahedral shapes, crystal silica

structures, and incomplete crystallinity (f).
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Mortar test results

1. According to ASTM C230 standard, a flow
table test was used to gauge how much water the mortar
mixture needs in order to flow properly. Prior to casting
into a test bale for additional compressive strength testing
and use as the starting mix ratio, a test to determine the
amount of water to establish the percentage flow (Percent
Flow) must be between 110+£5%. The flow test was carried
out to determine the quantity of water required in the
mortar mixture. Since it is acceptable for concrete of high
and very high workability, including flowing concrete that
would demonstrate a collapse slump, the flow test has
grown in popularity in recent years (Shamsaei et al.,
2019). The test's outcomes are described in full below.
The Khonburi Sugar Factory’s bagasse ash was sieved
using a standard No. 16 sieve to remove large particle
contaminants caused by incomplete combustion before

being subjected to an ASTM C230 test to determine its
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water content. With a flow control of 110+5%, bagasse
ash concentration of 0, 10, 20, 30, 40, and 50 % cement
displacement. The ASTM C109 standard was followed
while measuring compressive strength.

2. Table 2 lists the top two ratios that had the
maximum compressive strength after the mortar from the
combination was tested at age 3, 7, 14, and 28 days.
These ratios were chosen to be further molded into
concrete masonry units.

It was found that the flow rates of both the
conventional mortar and the bagasse ash-mixed mortar
were between 105 % and 115 %. The amount of water
needed for the bagasse ash mortar was discovered to be
75.70, 88.38, 85.29, 92.01, 95.15, and 103.91 % at 3, 7,
14, and 28 days respectively. These values were higher
than those for the normal mortar by percentages of 16.75,

12.67, 21.55, 25.69, and 37.27, respectively.

Table 2 Flow test results according to ASTM C230 and compressive strength tests of mortar according to ASTM C109

Amount of SCBA

Percent Flow

Compression strength test (ksc.)

(percent) wie (%) 3 days 7 days 14 days 28 days
0 0.75 110 71.94 167.86 193.76 337.53
10 0.88 110 62.79 146.52 165.26 270.25"
20 0.85 110 38.44 89.7 130.15 238.94%
30 0.92 110 30.46 71.07 99.49 202.52
40 0.95 110 21.49 30.45 50.15 167.79
50 1.03 110 11.96 13.05 27.45 149.43
Note: (1) the first rank of compressive strength,

(2) the second rank of compressive strength

When the amount of bagasse ash increases, it
has an impact on the pourability (Workability) and a
tendency to require more water. According to the literature,
the application of SCBA might alter the workability of
concrete depending on factors including slump, water
demand, and superplasticizer content. In general, replacing
cement in concrete with SCBA will cause the concrete to
slump less and require more water and superplasticizer
(Chi, 2012)., Using the results of the mortar test, the
Strength Activity Index was calculated in accordance with
ASTM C 311-02 when pozzolanic materials were being
used. The test findings matched Table 3’s calculations of

the strength index when pozzolanic materials were used.

Table 3 Strength Activity Index at day 28" in accordance
with ASTM C 311-02.

Amount of SCBA Strength Activity
Remark
(percent) Index (percent)
0 100 Standard
10 80.07 1% rank
20 70.79 2" rank

Vebe Test Results

According to the Vebe test findings, fresh mixes
were made using the same components and mix ratios
for the Vebe test. A digital stopwatch was used to

measure the passing of the Vebe test after 15 minutes
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since the addition of water. The mean time found by
testing was 493 seconds for 0% of SCBA replacement,
227 seconds for 10% of SCBA replacement, and 127
seconds for 20% of SCBA replacement. The amount of
bagasse ash added contributed to the increased pourability
by forming, since it was discovered that the amount of
bagasse ash displaced to cement resulted in a shorter
period.

Trial-Error Forming Test

The ability to create concrete masonry units from
different mixtures of cement mortar and coarse aggregate
was investigated. Based on the findings of an early
molding test, the trial-error forming test was undertaken.
When the proportion of coarse aggregate in concrete is
low, a problem arises from the aggregate being too dry,
which prevents it from forming because it absorbs too
much water. However, if there is an excessive amount of
coarse aggregate present, it may interfere with the
concrete forms. Even after double the amount of coarse
aggregate was used, there was still not enough mortar.
As a result, it never forms. Reducing the amount of coarse
aggregate will result in more mortar being required to
keep the shape. The formability of concrete masonry units
were was using a cement mortar to coarse aggregate
ratio. The test findings showed that even with 10%
bagasse ash in place of cement, the sample may not
have formed perfectly, but it was still sufficient to form, if
imperfectly. In a test on the formability of concrete
masonry units, 600 samples were initially molded using
different binder ratios; the best ratio, albeit with a reason-
able amount of formability, was discovered to be 1:1.5.
Figure 2 illustrates the crack that existed before the test,
necessitating the casting of additional test specimens to

provide enough cubes for the compressive strength test.

T

a) unformable b) formable

Figure 2 Forming effect of mortar to coarse aggregate.
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Concrete masonry unit test results

Several factors, including SCBA properties,
curing time, and replacement amount, have major impacts
on the development of SCBA concrete’s compressive
strength (fineness, silicon and aluminum oxide content
and loss on ignition) (Li et al., 2022). We tested the
compressive strength of concrete masonry units following
the initial molding test. It was discovered that some samples
shrank when dried, causing cracks to form before
compressive strength was evaluated. The preliminary
results of the compressive strength test agreed with

Table 4.

Table 4 Results of tests comparing the compressive

strength of concrete masonry units at 7, 14, and

28 days.
Mortar* Amount Compressive strength of
to coarse of SCBA concrete masonry unit (ksc.)
aggregate ratio  (percent) 7-day 14-day 28-day
1:1.5 0 38.30 53.79 66.90
115 10 31.29 48.07 62.86
1:1.5 20 32.53 36.57 37.12

Note: ‘Mortar (Cement:Sand) 1:2.75 from ASTM C109.

The test findings for compressive strength from
Table 4 demonstrate that the non - load bearing block
standard was met. The crucial requirements outlined
above are based on American standards ASTM C90 and
ASTM C129, and the relevant Thailand Industrial
Standards are TIS 57-2533 and TIS 58-2533. Walls made
of concrete masonry units are not load-bearing. By
outlining two crucial concrete masonry unit requirements,
namely that the average compressive strength of five
blocks of concrete be at least 25 ksc. In accordance with
ASTM standards, the tolerance cannot be greater than 2
mm. The average was not less than 42.22 ksc. when the
parameters for compressive strength of concrete
masonry units are specified. On the other hand, the walls
formed of concrete masonry units do not exceed the
requirements stated in the aforementioned standard
because they have an average compressive strength of

at least 140.72 ksc. Results of tests on mixtures that meet
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the concrete masonry unit standard, but not load-bearing
walls, showed that the ash mixture was between 0 and
10% at 14 days of age. The first ratios discussed above
ranged in average from 48.07 ksc. to 66.90 ksc, which
were greater than the necessary standard. No mixtures
met the required standards when they were 7 days old,
and no mixtures met the required standards when the
20% cement substitute mixture was tested. From the
standpoint of development, it is evident from Table 4 that
swapping out bagasse ash preserves the pattern of
growth of compressive strength. The problem, however,
was with the slurry that was created by the flow of the
mortar. For all mix ratios, the concrete cubes’ compressive
strength increased with curing age and decreased as
SCBA content rose. At 28 days of age, the percentages
of compressive strength that were reduced for cement
replacements of 10% and 20% with SCBA as opposed
to controls were 6.08% and 44.51%, respectively.
Concrete masonry units mixed with sugarcane
bagasse ash was tested for their fresh characteristics by
Subramaniyan and Sivaraja (2016) who reported that the
workability of concrete depends on the SCBA concentration
and increases with its presence., Patel and Raijiwala
(2015) also carried out experimental work on SCBA
concrete. All of the SCBA mixes under consideration
exhibited high slump values, according to their results,
with the exception of the concrete with 0% SCBA. For
M20 grade concrete, Srinivasan & Sathiya (2010)
evaluated the impact of SCBA as a cement substitute. In
their study, cement weight was used in place of 5-25%
SCBA. According to authors, concrete with 5% SCBA is
the best alternative for M20 grade concrete, and concrete
with 10% SCBA has a compressive strength that is
higher than the recommended mix. Likewise, Kiran &
Kishore (2017) prepared the concrete with up to 25%
SCBA. The authors deduced from test findings that 5%
is the ideal replacement, and that concrete containing
15% SCBA produced a compressive strength that was
higher than that of the reference mix. In the study by
Hussein et al. (2014), they carried out experimental work
on bagasse ash concrete in which cement is substituted

for 5-30% of the SCBA. Bagasse ash was sourced from
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a sugar mill and pulverized in a Los Angeles abrasion
machine until more than 95% of the particles passed
through a 45-mesh filter. The findings demonstrated that
adding bagasse ash to concrete up to 20% enhanced its
compressive strength significantly. The highest compressive
strength, according to the authors, was attained with a
SCBA replacement rate of 5%. Mangi et al. (2017)
performed an experimental analysis on M15 concrete.
When SCBA is used in place of cement in concrete at a
rate of 5%, as was done in the compressive strength test,
the average amount of compressive strength will rise by
around 11.50% compared to concrete of normal strength.
Additionally, the compressive strength of both grades of
concrete (M20 and M15) containing SCBA was shown to
be reduced at the early ages but considerably increases

with longer curing times.

Conclusion and suggestions

This section is based on an overview of recent
research that examined the impact of SCBA as a cement
substitute on specific properties of concrete. Concrete
containing SCBA is described along with its mechanical,
fresh, and durability features, as well as its advantages
for the environment. The conclusions are as follows.

1. Pozzolanic activity exists in SCBA, which
can be used as supplementary cementitious materials in
concrete. The raw SCBA frequently has a rough surface,
a large particle size, and a high loss on ignition, making
it inappropriate for use directly in concrete and necessitat-
ing correct treatment. Sieving, burning, grinding, and
chemical treatment are frequent treatment techniques that
can enhance SCBA'’s pozzolanic activity. Additionally, the
effectiveness of the treatment might be increased more
by combining different approaches.

2. According to SEM, the microstructure of
processed SCBA particles and SCBA-containing concrete
is consistent and compact. In general, SCBA can reduce
concrete’s porosity, however due to variations in the
material’s qualities and treatment approaches, porosity in
some cases will rise. However, the addition of SCBA to
concrete transforms the bigger pores into tiny ones and

enhances pore distribution. The shape and pore structure
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of SCBA concrete are thinner due to the dense hydration
products and decreased wall effect.

3. The compressive strengths of concrete con-
taining SCBA develop roughly as they would with no
SCBA added after a 10% SCBA cement substitution.
Numerous experiments have demonstrated how Portland
cement replacements using 10% by weight of SCBA can
produce concrete with exceptional mechanical properties
and durability. Strength declines at early curing age
because of the diluting effect and the delayed influence
of high loss on ignition on the hydration process.
However, strength rises as pozzolanic reactions become
more intense with later cure ages. Concrete with a high
silicon aluminum oxide content, concrete with a low level
of SCBA loss on ignition, and pretreatment methods that
produce tiny particles all enhance the mechanical proper-

ties of concrete containing SCBA.
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Abstract

The objective of this experimental study was to identify a suitable type of adhesive that can effectively enhance the
absorbency rate and water evaporation capacity of fabrics, consequently improving the cooling capacity of
evaporative coolers. Five distinct adhesives, utilized as binders between fabric and aluminum, were compared. The
water absorption and diffusion rate through the adhered fabric onto the aluminum workpiece was evaluated by
observing the behavior of water droplets. The evaporation capacity was measured in a test rig by assessing the
outlet humidity ratio of air after flowing over the wetted sample. Among the tested adhesives, Draga glue
demonstrated superior performance in terms of water diffusion rate, evaporation, and cost per unit mass. With Draga
glue, water diffusion rates were 5.64, 7.36, and 11.52 times higher than those of SikaFlex 740, hot glue, and SA,

respectively. The outlet humidity ratio from the Draga glue sample reached 16.91 g/kg, exceeding the rates of
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SikaFlex 740, hot glue, and SA by 22.17%, 22.46%, and 26.70%, respectively. Economically, Draga glue was found

to be twice as cost-effective per unit mass as the other adhesives studied. These findings indicate that the use of

Draga glue can significantly enhance the diffusion rate, evaporation, and cooling capacities of evaporative coolers.

Keywords: Evaporative cooling, adhesive, absorption, diffusion rate, evaporation
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(a) (b)

Figure 2 Experiment of diffusion rate: (a) Sample

attaching fabric to an aluminum sheet,

(b) Installation of a test rig.
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Table 2 Experimental conditions.

Diffusion rate

Parameter Value Unit
Type of adhesive 5 kind
Time to observe behavior 1, 10, 30, sec
60, 120
Volume of water 1 ml
Droplet rate 0.1 ml/s
Water evaporation
Parameter Value Unit
Type of adhesive 5 kind
Water opening time 3 min
Air velocity 0.5 m/s
Dry bulb temperature of ambient air 25+05 °C

Humidity ratio of ambient air 15.5+0.25 g/kg
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Figure 8 Diffusion of water in SA (a) 1 sec, (b) 10 sec, (c) 30 sec, (d) 60 sec and (e) 120 sec.
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Abstract

Statistical hypothesis testing requires the checking of assumptions in order to achieve valid and reliable
research results. This study aimed to examine the reporting of statistical assumptions checking in scientific and
technology research. A total of 126 research articles were searched in two scientific and technology journals published
in 2021-2023, and data from research articles using inferential statistics was synthesized. Five commonly used
statistical methods were considered. - t-test (independent samples t-test and paired samples t-test), one-way analysis
of variance, chi-squared test, and Pearson correlation coefficient. The results showed that out of 126 research articles,
58 used inferential statistics (46.03% of all research articles and 59.18% of empirical research articles). The most

used analytical statistic was one-way ANOVA, 34 articles (26.98% of all empirical research articles using inferential
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statistics), followed by independent samples t-test and Pearson correlation coefficient of 5 articles (3.97%), and

chi-squared test of 3 articles (2.38%). Based on empirical research articles using inferential statistics to analyze data,

only 4 articles (6.9%) reported the checking of statistical assumptions.

Keywords: Statistical assumptions, systematic review, homogeneity of variances
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Table 1 Result of proportion testing for empirical research

under hypothesis Ho: p<0.7 versus Hi:p>0.7

Type Frequency z p-value
(Percent)
Empirical research 98 1.91 0.028*
(77.78)
Non-empirical research 28
(22.22)

*Significance at 5%
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Table 2 Result of proportion testing for empirical research
articles using statistical inference in data analysis

under hypothesis Ho: »<0.5 versus Hi:p>0.5

Type Frequency z p-value
(Percent)
Empirical research articles using 58 1.82  0.035*
inferential statistics to analyze  (59.18)
data
Empirical research articles not 40
using inferential statistics to ana- (40.82)

lyze data

*Significance at 5%
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Table 3 Frequency (%) distribution by the statistical

method used in research articles

Statistical method Number of Number of articles
articles* with assumptions
checking
One-way ANOVA 34 2
(26.98) (5.88)
Independent samples 5 0
t-test (3.97) (0.00)
Paired samples t-test 0 0
(0.00) (0.00)
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Table 3 Frequency (%) distribution by the statistical

method used in research articles (Cont.)

Statistical method Number of Number of articles
articles* with assumptions
checking
Chi-squared test for 3 1
association (2.38) (33.33)
Pearson correlation 5 1
coefficient (3.97) (20.00)
Other 16 0
(12.70) (0.00)

*Some articles use more than one statistical analysis.

Table 4 Frequency and percent of articles by statistical

assumptions checking

Statistical assumptions checking Frequency Percent

One-way ANOVA (34)
Equal variances 2 5.88
Normality 2 5.88
Independent samples t-test (5)
Normality 0 0.00
Equal variances 0 0.00

Chi-squared test for association (3)

Minimum expected frequencies 1 33.33
Independent variables 1 33.33
Pearson correlation (5)
Outlier 0 0.00
Normality 0 0.00
Linearity 1 20.00
Equal variances 0 0.00
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Abstract

Sweat pores are one of the features of fingerprints that can be used for identification. This research was conducted
to study the data of sweat pore in Thai, Myanmar and Cambodian nationalities in 75 male volunteers aged 20-60
years. The selected areas were the thumbs of the right and left sampled by by rolling fingerprint method (from one
edge of the nail to the other edge of the nail). Fingerprints were taken to study the sweat pores using the DCS4. It
was found that the average sweat pore number was significantly different (p<0.05) across the three nationalities. The
Burmese nationality had the highest average sweat pore number (115.12+2.25), followed by Cambodian
nationality (107.12+1.60), while Thai nationality had the lowest average number of sweat pore (97.56+0.97). For the
study of the position of sweat pore, it was shown that both closed and open sweat pores in all three nationalities were
significantly different at p<0.05 and the closed type was more frequent than the open type. The large size of sweat

pore did not differ between nationalities but small size and medium size were significantly different (p<0.05).

Keywords: Sweat pore, nationality, fingerprint
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Figure 1 The area of 5x5 mm were counted for the

data of sweat pore.
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Figure 3 Size of sweat pore : (a) Large size

(b) Medium size and (c) Small size
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Figure 5 Size of sweat pore in three nationality : (A)

Small size (B) Medium size and (C) Large size
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