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ABSTRACT

Oil palm harvesting is a dangerous occupation and risks the accident to the
workers’ bodies. This project aimed to assess the ergonomic risks of the oil palm workers
when harvesting with chisels by using the OWAS method and accompany with the two
types of force measurement: 1. the compression-tension and torque, 2. the 3 dimension
forces. In testing, the volunteers who skilled and unskilled harvested the oil palm fresh
fruit from the trees high (h) in the ranges of 0-1.5 m. The results were found that the force
assessment of the first type of measurement and the OWAS method was easier. Most risks
showed very dangerous in all postures of pre- and post-harvest and the highest risks of
injuries occurred at the back. The safety height for oil palm harvesting with this method
was 0.5-1 m. However, the arm swing angles from the depth camera were found that the
right and left angles of the volunteer who unskilled were more than the skilled people
about 16.15% and 5.38%, respectively, and including to the unskilled specimen used the
various of the blade incision angles that caused the forces out of control during operated.
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2.3.2.1 Yadeaunienin (Physical factors)
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1. ANSRBNLSHAUNIAY (overload)
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Uiniitey JuilvideseanussiiikuuTy

2. N3PRNLIINANLHBRUYERR (Static muscular effort)
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n1seonusInauiiewuuadn Weandulledoseanusdludnvasadimdunaliaiy
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3. NIIUNABINITAIULTIENRTILAIUEN (precision)
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7. szuzlanlun1svingu (work period)



19

J2egIa UYL damaden1suinluniessuulasssendullenaznszgn lagds
szeznattunsihaumerimeildvanzaugnuunddwalinssnuneguainanduaull
Ae

8. AULALTINGA (mechanical stress)
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ANNLIARDN Tunnemianu

gﬂﬁ 2.8 MNWANINITYINNUYDIMANNNSEAARS [10]
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2.4.1 duuUsgiliunuley (Self-Report Survey)
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2.4.2 LuuUseiliuannni1sdans (Observation Assessment)

1) Ms5Usziiuda838 RULA (Rapid Upper Limp Assessment) 1 u3 80157 Waunau
98 Lynn McAtamney waz Nigel Corlett Tu T a.e. 1993 [9] iioldusaiduviinianisireuluy
vintls viesatiumsussdiuiimanniadeulnvesiismediuuy fegrsveansusediuseds
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Andulagy §nuilv (Sue Hignett) [8] NsUseLfiuAa875 REBA azimunzdmiunisuszidiuaiu
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3) nsUszifiuaudssngs OWAS (Ovako Working Posture Analysis System) lagn
Wt ulaglssnuwdnlulsemefiutaus srufvantueidiouiseyssmefiunaus (Finnish

Institute of Occupational Health) iilausganad a.a. 1970 [10] Iagldlunisussiduausuly

' ¥ |
a = =

Tssemumn osnnudgmsuiuaunuiiimsdutiedatusasiinsaeoniiutu fady
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1) myamnudvendunielagldindeeinaaulning e (Electromyography:
EMG)

2) myinyunsndoulmvesdesielagly Inillefiwes (Goniometer)

3) NMTINDNITINNTHUVDILA (Heart Rate Measurement)


http://thai-ergonomic-assessment.blogspot.com/2014/07/reba.html
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4) nM3ingnsnsiean@iau (Oxygen consumption analyzer)

5) 1nsesdian1sinnisimasulna (Motion Analyzer)
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Height of tree Maximum force at palm frond + SD (kg)
(m) Skillful Unskillful
0-0.5 118.898 > + 3.747 230.583 "% + 22.037
0.5-1 254.835" 8 + 18.735 165.295 %" + 34.490
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Height of tree Maximum force at fresh fruit brunch + SD (kg)
(m) Skillful Unskillful
0-0.5 109.200% " + 18.616 217.155% % + 26.879
0.5-1 286.923 % + 50.347 329.514 %% + 84.946
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Height of tree Maximum torque at palm frond + SD (kg)
(m) Skillful Unskillful
0-0.5 64.245%" + 21.933 32.583%" + 21.958
0.5-1 83.728" + 61.077 108.005*° + 21.352
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Height of tree Maximum torque at fresh fruit brunch + SD (kg)
(m) Skillful Unskillful
0-0.5 52.248%" + 13.013 59.328 ** + 24.439
0.5-1 66.778%" + 65.565 113.373% " + 35796
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M15199 4.10 L59RaeluYIa1v9901@N A RTUUEAANEA18UNAUAIULAT DI ALTILALHLIIUN

Height of tree Average force at fresh fruit brunch + SD (kg)
(m) Skillful Unskillful
0-0.5 10.507 + 2.232*" 15.178 + 2.088% "
0.5-1 17.965 + 4.256*° 35.228 + 3.848> 8
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A15197 4.11 usslndsludinaivesoiaainsvugianateuiaunisiniesinlsazisadn

Height of tree Average torque at fresh fruit brunch + SD (kg)
(m) Skillful Unskillful
0-0.5 14.718 + 4.031*" 6.334 + 1.143**
0.5-1 19.466 + 8.061*" 28.126 + 7.446™°
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JUN 4.4 AiemeveausaiiintuvazU JURuveiasesinlssauwny

93U 4.5 Tumsifuieaurdinidilugasenugs 0.5 - 1 m lnsenaadnsaudiugy
nuusauFAsenAndunnuuanny uasdduseujaterlunuauny y ninilge 1iesnin
futRNunenedsnuuisfuiiioneidemaaoenanmagldietulufimeiing
Uhduuagnzaneuhduiiiuldviaeenaindu Tasfusane Wswnu 2) Tumsdamsurduiiiunn
flgawinfiu 11.4044 kg uarilussia (WsaunY 2) andigawindu -10.2881 kg flusednlumewn
(b9 Y ) mﬂﬁqmwi’lﬁ’u 17.672 kg wazussOalumsgne (Wssunu y) maﬁqmwﬁﬁ’u -10.8113
kg FaUsIAWIUNY X) 3nTigauiniu -0.6859 kg wag Husana (Wssunu z lunsdnnzansurda
thifusndiaainiu 11.0085 ke wagdlussis (saunu 2) annflgainfiu -10.9448 kg Tussdald
9921 (WSIUNY y) 1TIgAINAY 18.456 kg wazussdalumadne (Wssuny y) inndigawiniu -
13.6093 kg ausain(usunu x) unfigainty -0.9643 kg Fanudrduurduiduiifinugs 0.5
- 1 m finnmmnganluniafiuifer wagiiaudasedevosndiuieuaznszgnuinnds
$29210g9DU Lesannarmgeesiuduiusfuvimalunisesnussiiazainauns uaziing
ponusslunsiAuifealiigeann uddedluiinssvidoyanisadfdsned 4.12 msed 4.13

WAy 4.14 NATDILIITINTANULANANTUTUBLTUANNAIURIRUUNANIN T ULAREY9 Aasalull

Y Y



55

W T - G0 MBRLEUNBALN] [} / - G BLE UMTNRUAIIARLE
FLUTILEDE UL ABLUIRUTIELILEELAL RUINUINEEBAL LULARTERARIBUIANETINBEIILEU G WNE

(5) WL sT

(4 33) @2104

wn

01
SI
STXe-A —
0T
R v/ /% A y B\1
@
SINE-Z—

SUIND Young wied )iQ Pue BulN) puold Wied 1io




56

M19197 4.12 US9E9AAYIIANATIATUEARNNIIUIANAIELATOI TALTIALINY

Height Maximum force at palm frond + SD (kg)
of tree Skillful Unskillful
(m) X-axis y-axis z-axis Resultant  x-axis y-axis z-axis Resultant

0-0.5 0.271*% 3719** 10371*" 14.264>* 0214>" 8985>" 12.791**  15223*"
+0.187  +1.882  +2.181 +1.061  +0.118 +1.445  +1.600 +2.778
0.5-1 0.207*" 12.654*" 13.929>" 18378*" 0.538>" 32.803™% 21.869*" 36.081>°
+0.173  +3.614  +5317 +4.169 0231 +9.314  +8.841 +14.249
1-1.5  0.285%* 29.830*% 59.029%° 64.377*% 0710** 27.812*% 75441>% 81.017"C
+0.153  +10.566  +6.657  +11.445  +0.215 +12.631 +11.415  +10.014

o

e fsnwaianuiisuiuluwaafeaiu (rnudiug) lifienuwmnaeegadveddyi
95%
fdnuslrgumiisuiuluneduiliiieniu (anugewiv) liinnuwansdsegaiteddayi

95%

M13199 4.13 UsgegnveeIaalns v AnEa1eUIALM AT IALTIANINY

Height Maximum force at fresh fruit brunch + SD (kg)
of tree Skillful Unskillful
(m) X-axis y-axis z-axis  Resultant x-axis y-axis z-axis  Resultant

0-0.5 0.176>" 5750*" 15169*" 16.926*" 0.216>" 9.292>" 18.701*" 21.068*"
+0.156  +1.707  +2.070  +0.756 +0.118  +4.540  +2.989  +2.223
0.5-1  0.207*" 12.654*% 13929** 18378*F 0.273*" 34697*° 29816>% 38741*°
+0.173  +3.614  +5317  +4.169 +0.182 +2.434 8507  +4.885
1-1.5  0.280*% 37.031>% 55.882*% 66.988>C 0.863*" 59.911>C 71.998>C 76.639>¢
+0.247 +11.018 +1564  +8.096 +0.225 +11.612 +9.951  +8.440

a o

wnewe: fsnwsianuiiouiulusadfeaiu (mnudiung) lidanuunnesegdiduddgi
95%
mdnwigwmilouiulureduiifedny (A1ugewy) lifianuwanssegredidedfyi

95%
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ﬁwuwzguazlzisﬁwmzyiﬁﬁmmLLmﬂdwqﬁuaﬂwqﬁﬁsﬁwﬁzgmwqaﬁa‘fuamﬂﬂaﬁgﬂaawszLmn Tuvnuedi
FuUdaluraanugs 05 - 1 m usdlufirmauny y wagnassuswesdiungyaztooninnuill
Frungy dhuiduindaluraemnugs 1 - 1.5 m usshuunu z wasusesamvesauilidnngas

W AedmananITeenkIeteAAliAT eI NINNIAUIENlUYTIANEI 0 - 0.5 m

M13199 4.13 WUIUEanvaeRanateU1dnTuYIeAIINgs 0 - 0.5 m karYI9AINES
0.5 - 1 m lfiauuananiuegniveddgynisadfvesynnansaasissian winduuiauly
Y9N 1 - 1.5 m fllamzusauny x Mliwane1e diunssduinsevilaggdeinyasiosnia
LS AATUAINAINEIVRIAUUIANNUIMTITINYR T lunsFangats U duuanaNeiY
£ o v 13 1 = B
PuUAUAILES USUNU x wag z Inganduliaulugeruas 1 - 1.5 m luvaeiiusawny y o
gansulrauliiiv 0.5 m duaunligingnuIwsawnu x liuanaafiu daunsun y, z uag

HATINAIAIULANANTUALATINES

A15199 4.14 wsuadsluriananveseanatns s A Nea1s U LA IULATRI ALSIEIULAY

Height Average force at fresh fruit brunch + SD (kg)
of tree Skillful Unskillful
(m) X-axis y-axis z-axis Resultant x-axis y-axis z-axis  Resultant

0-0.5 0.298*" 2250** 2272*" 3636*" 0.357** 4.130>" 2.263*" 5411>%
+0.025 +0.199 +0.333 +0.312 +0.093 +0.840 +0.285  +0.580
0.5-1 0.344>" 8198*% 3319*" 9959>% 0595>* 89178 5691”8 11.945>C
+0.039 #1296 +0.516 +1.355 +0.130 +1.608 +0.841 +2.391
1-1.5  0.332>" 5565%% 4.057*% 7.699*C 0.402*" 4.838*" 5920>° 8530*°
+0.078 +0.805 +0.578 +0.903  +0.081 +0.642 +1.629 +0.845

T
o w A

e fsnuaianuiisuiulusadieaiu (rnudiung) lifinnuwnnasegadideddg i
95%
mdnwsngwmilouiulureduiifedny (Anugewy) llianuwanssegedided Sy
95%
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50
44.732
a5
40
32.288
35 32.086 31500 29.149

Area of Cutting (cm?)

0-0.5 0.5-1 >1
Height (m)

M skilled labor,

Frond Bases

I skilled labor,

labor, Frond

labor, Bunch
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40.117

Degree of Cutting (°)

0-0.5

0.5-1
Height (m)

>1

| skilled labor,
Frond Bases

W skilled labor,

Bunch

7 unskilled
labor, Frond

Bases

I unskilled

labor, Bunch
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ANSeRNLUULKHUTLUaY aelUsunsad Solidworks
AM9PRNLUULHLMEN T LAY TnetusumanTidvuin 60 x 60 mm w1 6 mm

WA FUUIN 8.50 114 4 § iethandudatudmiluliauneady

JUT n.1 uiundnileanwuuawin 60 x 60 mm

anseantuululiaunaurday aaelusunsy Solidworks
mseanuuuluiaunsdy neflvunantngea 127 mm 817 120 mm \deuRnfuman

yowluruIn 32 mm 8717 60 mm

127.00

120.00

JUN n.2 ludlaunsUrduioanuuuvunantidn 127 mm
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A1999 9.1 WWAEAFIUTINBVDID @R ATNNANTIUEY

Toyadnd | audwngy | Audwny | Autwy | Audwy | AN
UAAA A 1 AL 2 AT 3 Aufl 4 AL 5
PAU | AU | AU | AN | AU | AU | AU | AU | AU | AU
g | 9 | G | 9 | Gw | 9 | G | 9 | G | amn
e | e | @ | @ | e | @ | @ | e | @ | @
918 24 1 37 1 391 44 9 531
a"gugq 185 cm 163 cm 176 cm 165 cm 180 cm
it 84 kg 58 ke 58 ke 60 kg 60 ke
ALY
Inansran 32 32 31 31 32 32 32 32 32 32
AUYIVDY
Yodlefisllo | 19 | 19 | 18 | 18 | 19 | 19 | 185|185 19 | 19
AANUEIVDY
1920940 50 50 44 44 46 46 a7 a7 a7 a7
AAUYNIVDY
L1090 46 46 46 46 46 46 44 44 46 46
ALY
WY 255 1255 24 24 1245|245 24 24 25 25
flodnatinin ol 297 el 971 271

A999 9.2 WWAdAEIUT N8V A AR LITANT Y

Toyadnaiu aulsitrungyeud 1 aulsitrungyeud 2
UAAR aude(cm) | Auwailem) | augiaicm) | a1uwai(cm)
918 239 229
GRMGE 175 cm 178 cm
vt 66 kg 62 kg
AU
IV GANGER 34 34 34 34
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A15199 0.2 (59)

[ 1

Toyadndiu

AUl AL 1

AuldgungAun 2

UAAA Audngcm) | Awrniem) | dudigiem) | duwanlem)
ANEIIVDY
Jollofle 18.5 185 19.5 19.5
ANEIIVDY
1920947 48 48 46 46
ANEIIVDY
11897 48 47 47 a7
AU
Wi 25.5 25.5 26 26
flodnafintin el Lo
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Skillful and Height of tree 0.5 -1 m

force at palm frond (kg)

force at fresh fruit brunch (kg)

X-axis y-axis z-axis Resultant X-axis y-axis z-axis Resultant
-0.4327 3.3056 0.4672 336637735 0.0483 -1.5537 -2.2489 2.7133837557
-0.4327 2.9007 0.6463 3.00316391 | -0.1795 -1.6896 -2.4577 2.987851686
-0.4327 2.4957 0.2284 2.54320945 -0.4327 -1.2081 -3.8907 4.096862384
-0.4327 3.4406 0.109 3.469414742 | -0.4327 -1.9719 -3.9504 4.436358761
-0.4327 3.7443 -0.0104 3.76923333 -0.4327 -1.6715 -2.5177 3.052860107
-0.4327 2.7994 0.1687 2.837662654 | -0.5846 -1.3003 -3.6219 3.892389608
-0.4327 2.0233 1.1835 2.383620026 | -0.2555 -1.469 -4.1892 4.446643441
-0.4327 3.8455 0.8254 3.956814969 | -0.4327 -0.1801 -3.7713 3.800311696
-0.4327 4.6554 1.6611 4959634778 | -0.4327 0.6982 -1.6222 1.818308381
-0.4327 3.6431 0.8851 3.773964614 | -0.6859 1.1001 -0.2492 1.320143727
-0.4327 3.3056 0.9448 3.465092739 | -0.458 0.2348 -0.0104 0.514784615
-0.4074 11.4044 10.7948 15.70445893 | -0.4327 0.876 0.5269 1.110058062

-0.4327 2.6644 9.9059 10.26708875 | -0.4327 1.1459 1.0641 1.622536567
-0.4327 3.3393 9.2492 9.843061232 | -0.4327 -0.3389 2.7357 2.790365028
-0.2049 1.5171 8.3478 8.495562756 | -0.4327 1.2471 2.0193 2.412480091
-0.4327 2.5295 8.706 9.076344834 | -0.4327 3.6768 11.0045 11.61056018
-0.4327 6.795 1.6014 6.993030939 | -0.4327 29344 10.8254 11.22440278
-0.4327 -9.855 1.2432 9.942524857 | -0.1795 1.6183 8.8551 9.003549919
-0.4327 -10.8113 0.2284 10.82236589 | -0.2302 1.3484 4.9445 5.130229512
-0.4074 10.5271 0.2881 10.5399272 -0.4327 2.6644 10.109 10.46318009
-0.4327 17.7148 0.8851 17.74280995 | -0.4327 2.7319 10.4672 10.82648524
-0.4327 17.672 1.3029 17.72524645 | -0.7618 -2.6673 10.7657 11.11733444
-0.4327 17.0284 -0.6671 17.04761546 | -0.9643 8.8398 9.0253 12.66996364

-0.458 6.9272 -1.1447 7.054565666 | -0.4327 8.2999 7.488 11.18685449
-0.4327 12.5403 1.1238 12.59798713 | -0.1795 5.0941 7.8999 9.401621938
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Skillful and Height of tree 0.5 -1 m

force at palm frond (kg)

force at fresh fruit brunch (kg)

X-axis y-axis z-axis Resultant X-axis y-axis z-axis Resultant
-0.458 8.5698 0.4075 8.58136053 | -0.0783 2.1245 1.3626 2.52513562
-0.6859 2.8332 0.706 2951726195 | 0.0483 2.2932 1.2432 2.608954842
-0.4327 5.769 0.109 5.786231182 | -0.1542 16.139 -0.1895 16.14084908
-0.1795 5.3641 -0.488 5.403604547 | -0.053 18.456 -4.1295 18.91241696
-0.4327 2.8669 0.4075 2927866314 | -0.4327 11.6401 -6.3675 13.27494684
-0.4327 2.462 -10.2881 10.58743004 | -0.4327 -13.6093 0.8254 13.64117154
-0.4327 1.9558 1.1238 2.296804164 | -0.4074 | -12.4957 0.2881 12.50565851
-0.4327 1.2809 1.3626 1.919534543 | -0.4327 | -10.5751 0.1687 10.58529305
-0.4327 1.6521 1.8402 2510577571 | -0.4327 2.3607 0.2284 2.410871282
-0.4327 1.2809 1.3626 1.919534543 | -0.4327 1.6521 1.5417 2.300761307
-0.4327 2.0908 1.0641 2.385578073 | -0.4327 2.1245 -10.9448 | 11.15748075
-0.4327 1.6521 2.0193 2.644661829 | -0.4327 1.1122 1.6611 2.045353598
-0.4327 1.1797 0.8254 1.50339833 -0.4327 0.9434 1.3029 1.665767469

JUN A.1 MIunsmeduvesnudylnglaTesinusauwny
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Skillful and Height of tree 0.5 - 1 m
force at palm frond force at fresh fruit brunch
Force (N) Torque (N.m.) Force (N) Torque (N.m.)

-0.83 0.61 0.71 -1.46
-0.98 -0.06 -3.09 -1.92
-3.09 0.21 2,67 -1.19
-5.21 0.21 -1.83 -1.52
0.28 -0.52 2.82 -1.66
5.35 0.21 -0.98 -1.26
0.71 -0.32 -2.67 0.01
-2.67 0.08 -2.25 -0.39
-1.4 -0.06 1.55 0.14
-3.09 0.01 3.66 -0.19
-0.98 -0.06 6.62 -0.46
1.55 -0.39 -2.67 -0.12
227.62 45.88 0.28 -0.19




15197 A.2 (7D)

Skillful and Height of tree 0.5 -1 m

force at palm frond

force at fresh fruit brunch

Force (N) Torque (N.m.) Force (N) Torque (N.m.)
169.81 29.01 2.4 -0.06
121.18 19.41 290.28 -30.06
100.18 13.28 166.94 -3.39
51.31 92.54 152.58 4.88
31.31 12.28 175.38 -0.12
12.25 -2.12 -73.19 -1.26
-8.58 -1.59 -28.43 -2.46
-6.05 -223.79 -19.98 -28.12
-6.05 -99.79 -15.34 -151.73

1.55 -66.01 -11.54 -90.08
-0.56 -33.08 -9.85 -17.87
-3.09 133,92 -8.16 -45.74
-5.21 -48.7 -7.32 -15.34
241 -2.19 -5.99 -6.47
-2N38 -21.26 -6.32 -5.21
-3.19 -7.86 -6.12 =952
51.31 92.54 152.58 4.88
31.31 12.28 175.38 -0.12
12.25 =201:2 -73.19 -1.26
-8.58 -1.59 -28.43 -2.46
-6.05 -223.79 -19.98 -28.12
-6.05 -99.79 -15.34 -151.73
1.55 -66.01 -11.54 -90.08
-0.56 -33.08 -9.85 -17.87
-3.09 -33.92 -8.16 -45.74
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15197 A.2 (7D)

Skillful and Height of tree 0.5 -1 m

force at palm frond

force at fresh fruit brunch

Force (N) Torque (N.m.) Force (N) Torque (N.m.)
-5.21 -48.7 -71.32 -15.34
2.41 -2.19 -5.99 -6.47
-2.19 -21.26 -6.32 -5.21
-3.19 -7.86 -6.12 -1.52
-2.12 -5.46 -5.52 -2.32
-1.86 -0.46 -4.78 -1.79
-0.98 -0.79 0.71 -1.86
-2.25 -0.66 -258.99 -1.46

-280.55 18.14 -170.31 2.66
-272.15 -62.28 -63.06 -3.32
-189.66 20.54 -35.19 -8.79
-106.55 66.88 -22.1 50,12
-90.5 17.34 -11.54 0.08
-67.7 14.59 -10.61 0.61

JUN A.2 Msunimeduvesaudinglagiaesinusauazusadn
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ATATUIURIVUIANUNVBINI9UIANLAZNZ A8 U ALY

ANSANUINVUIANUNYDIN1IUNANLLTY

dumeudl 1 ivhnsiiudeyalaenisinvuaiuiivesmisuidaunniiu (cm)

= 2 v & A %
3UN 4.1 nstavrByanunnIeUIay

Tumauil 2 insuesnmnddundugUanumienassguiniy AfiansunnNgui 0.2

A=15cm,B=7cm, C=10cm,D=11cm,E=2cm

UM 9.2 Prassgumadrauindiueenduaumndeaesyuiniu
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v ¥ '
v T~ =

Junouil 3 vimsAnnamiunawviguwsazsUInNans iunvesguaniniey = 1/2

X §1U x g4 viadanwihnsuinAiuivesisaesguiiimeiy lngiunamiensuin 1 + iun

[ ' (%
) ~ ]

aUMABNIUN 2 = unvesgUarumasy dlariunvesnisdidy 7.5 cm? + 10 cm? = 17.5

cm?

JUN 4.3 WuiveanaUauinduiinadla

A1SANUIAUMNVUIANUNVBINZA18UaNETY

tumeud 1 ivhnsiiudeyalae induriuaudnaisemezaeUrdunnaucm)

JUN 9.4 nsiiudeyaiiufivearelndy
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Tumaudl 2 imsuesn mnzaeUrdaulugies Amansananguies D= 14 cm, d =

3cm

JUN 4.5 Sraesgunaterduinduiugin

& A ° ° g A o &4 =TT vy & A
YUABUY 3 NINITANUIUMINUNIEIINGAT NUNVBIS T/4AB alaAfiunvemzany

U181 = 32.98 cm?

[ '

JUN 1.6 Wunvemgagaudiuninela
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waznzatguraugiuluysAdags 0.5 - 1m
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M13199 2.1 PaunsiadeuvemUdukarngateU @ iuluYeug 0.5 - 1 m

fuil | Huiidaidewvemraetidininiucm? | fufifadouvesmatidiniiucm?
1 29.93326 19.25
2 26.22022 20.00429
3 19.55671 19.44643
4 39.19184 21.37143
5 49.47727 21.37143
6 24.13949 20.625

M13199 2.2 BammsAnReunduwagnzatglidudiuluYeeNge 0.5 - 1 m

fuil | ewnmsiadoutemsatetnduidiue) | ewnnsdnidewvemetnduigiue)
1 45 39
2 36 34
3 41 39
q 39 42
5 37 40
6 40 39
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A1SATUINKIDIAIR8TD Dot product

FAI9E1aNTAUIN
Auald - A, e AWAULsAUYDITENANDWUREUYINNG

B, A® MUMUIUa18Y835819ANDULUABUYINNIG

A o 1

A, AD AVULTUAUYDITENANALURIUNIMNIG

B, AiD ALMUIUa18038NANALUABUTIING
ry g A9 KINWBSINYA A, lUn B,
1,81 i 3

A s
(a5, NBLINWDSINTA A, lUTn B,

[
=€ 1

OC o yuANTUSENIN T,  UAT Ty o

ANSAUIUBIANN TN WIUIBIAU LT US T aUNTR

JUN 2.1 dundsweuvasiunamgantgiiauvesnuligng
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MsAuIasMesmUIYYeIALiUsTaunsal finnsananguil .1 2.2 uas 2.3
Al =-1.74i -0.38) + 2.62k
Bl = -1.78i -0.16j + 2.55k
A2 =-1.4i -0.30j +2.73k
B2 = -1.30i -0.14j +2.80k

?A1181= (-1.78+1.74)i + (-0.16+0.38)j + (2.55-2.62)k = -0.04i + 0.22j - 0.07k

N

(ay8,= (-1.30+1.0)i + (-0.14+0.30) + (2.80-2.73)k = 0.1 + 0.16] + 0.07k
?Awf ?AZ,BZ = (-0.04i + 0.22j — 0.07KX 0.1i + 0.16 + 0.07K)
= -0.004 + 0.0352 - 0.0049

= 0.0263

I?A1,51| = /(0,042 + (0.22))%+ (-0.07k)? = 0.2343

|?A B | = V/(0.1)%+ (0.6)2+(0.07k)* = 0.6123
2122

a8, TA,8, = |"AL B,

?A2,52| cos &
0.0263 = (0.2343)(0.6123) cos X

X = 79.44°
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JUN 2.6 yuesmiinTuvasAutIUIgy

MsfAsmesmUIUYeIALiUsTaunTal finsananguil a.d a5 uas 2.6
Al =-1.02i - 0.01j + 1.62k
Bl =-1.05i + 0.22) + 1.97k
A2 = -0.68i + 0.10j + 1.88k
B2 = -0.61i + 0.24j + 1.94k

?A1,51: (-1.05+1.02)i + (0.22+0.01)j + (1.97-1.62)k = -0.03i + 0.23j + 0.35k

?AZ,B; (-0.61+0.68)i + (0.24-0.10)j + (1.94-1.88)k = 0.07i + 0.14j + 0.06k

Tag,- Tas, = (0.031+0.23) + 0.35KX 0.07i + 0.14] + 0.06K)
= 0.0021 + 0.0322 + 0.021
- 0.0553

|7 .| = Y0037+ 0237+ (035K7 = 04198



|?A B | = 1/(0.07+ (0.14)*+(0.06k)? = 0.1676
2:°2

a8, TA8, = |rA1,Bl| (8, | COS (0’4

0.0553 = (0.4198)( 0.1676) cos X

X =38.19°
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Frunyvasinnuluauiiauiniugieeugs 0.5 - 1 m
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M19197 2.1 B3NSk asnYeseamadasniiaut gy uarU fuRnuluduUdugaauas

05-1m
IANNILAI LT IEUN AU AT DIANNSLN LY T I INEANeUNdNTsTY
waugng (°) bUUYIN (°) wugg (°) bYUYIN (%)
15.85533 134.4 90.77591 145.1093
90.95403 91.41156 76.72587 36.89664
86.03625 53.9442 59.91946 161.2756
41.77876 70.57672 58.05801 144.6957
144.5956 59.88199 142.6719 79.05823
157.4365 118.5177 130.6707 68.69718

M15197 .2 B3AIN1SHN ALY IAalAsN TNt TRNUlusuEy

TIAUGS 0.5 - 1 m

29NN EIN I dRTsT emNsLAI T EIazane T
wauge () wauI () wugne (°) wauI ()
56.44541 39.59286 135.168 57.9648
134.9372 14.18561 155.3057 12.68522
104.2146 50.3218 114.8911 122.7567
119.5891 122.5887 129.0462 150.3147
14.40951 114.9391 118.9782 29.94633
115.2365 135.5297 114.9539 59.03951
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Certificate of Completion
National Research Council of Thailand (NRCT) and Forum for Ethical Review Committee in Thailand (FERCIT)

Certify that

chouwalert saepu

Has completed the ON-LINE RESEARCH ETHICS TRAINING

Course HANGOSHANVSHSSSUNMSIVBTULYUE SHSUUNANWY/UN3DY

Date approved Date expired
13/10/2563) < Q,,..I eles 13/10/2566)

(Professor Dr.Sirirurg Songsivilai)
Secretary-General
National Research Council of Thailand

sUM 2.1 Tususesasesssumsvinauluauyes newnuda uas

Certificate of Completion
National Research Council of Thailand (NRCT) and Forum for Ethical Review Committee in Thailand (FERCIT)

Certify that

nattharikarn aodpum

Has completed the ON-LINE RESEARCH ETHICS TRAINING
Course HANFasHANYZussSUMS3duluuyud drsulnfAnu1/in35e

Date approved Date expired
(18/10/2563) Q QP(';"L‘ (18/10/2566)

(Professor Dr.Sirirurg Songsivilai)
Secretary-General
National Research Council of Thailand
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Certificate of Completion
National Research Council of Thailand (NRCT) and Forum for Ethical Review Committee in Thailand (FERCIT)

Certify that

sarawut changchana

Has completed the ON-LINE RESEARCH ETHICS TRAINING
Course HANJOSHANVZUSSSUMSIVLTULYYE EHSUINANYY/UN5S8

Date approved Date expired
(13/10/2563) Q g ';WL. (13/10/2566)

(Professor Dr.Sirirurg Songsivilai)
Secretary-General
National Research Council of Thailand
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