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Abstract

Ocular diseases are different among each age group. Visual impairment can affect quality of life (QoL) in the ageing
population. This cross-sectional study reports the prevalence of ocular diseases and evaluates the impact of visual
impairment on QoL using the Short Form (36) Health Survey (SF-36): retranslated Thai version questionnaire at Maha
Sarakham Provincial Elderly Care Center. The examinations included visual acuity test, intraocular pressure and
anterior eye segment examination. A nonmydriatic, digital fundus camera was used for the posterior segment
evaluation. All patients were interviewed to evaluate health status. According to the findings, 23 patients were enrolled,
the mean (SD) age was 74.2 (7.7) years old. The prevalence of ocular diseases was; cataract (80.4%), uncorrected
refractive errors (58.7%) and presbyopia (26.1%). Two major causes of visual impairment were cataract and
glaucoma. The questionnaire showed the lowest score in the physical functioning domain and highest score in the

mental health domain with no significant correlation to visual impairment status.

Keywords: blindness, elderly, geriatric, ocular disease, quality of life, questionnaire, SF-36, visual impairment.
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An Eye Screening Project at Maha Sarakham Provincial Elderly Care Center

Introduction

Causes of visual impairment and ocular diseases may
vary among each age group. Based on the statistics in
2010, approximately 285 million people worldwide were
affected by visual impairment, 80% of which is avoidable.
Cataract and uncorrected refractive errors are the leading
causes of avoidable visual impairment. Accordingly,
unoperated cataract and glaucoma are the leading
causes of avoidable blindness. By 2019, the world
population will have reached 7.5 billion and the number
of blind people aged above 50 will grow, particularly in
Southeast Asian countries™ In 1999, World Health
Organization (WHO) launched ‘Vision 2020’, a global
initiative campaign to eliminate avoidable blindness.

Problems of perception, especially the decline
of vision, can affect quality of life (QoL) and lead to
limitations of daily activities in ageing population®.
Furthermore, the physical limitations of ageing patients
may cause them to experience near task activities,
especially reading. Presbyopia and cataract, in particular,
could be troublesome leisure and result in mental health
problems. In 1996, the United States Preventive Services
Task Force (USPSTF) suggested routine visual screening
in a primary care center via Snellen eye chart, which
is a subjective measurement and cannot be used to
evaluate the impact on QoL**.

In Thailand, the report in 2014 found that there
were 672 cases of people aged 60 years and over in the
eye screening project of Primary Care Unit, Faculty of
Medicine, Thammasat University. Of these, 31.4% were
the cases with pterygium, 4.5% were cataract which
caused visual acuity lower than 20/70, diabetic retinopathy
2.7% and glaucoma 2.4%°. In 2016, Ratanasukon M, et
al. reported the vision-related quality of life (VRQoL) in
120 patients with visual impairment by different causes
at Songklanagarind Hospital, Songkhla province®, using
Thai version of the impact of vision impairment (IVI)
questionnaire, which divided the health aspects into three
categories; (i) mobility and independence, (ii) reading and
accessing information and (iii) emotional well-being. It
was found that the symptoms of the common vision

impairment diseases are associated with an adverse

impact on VRQoL.

In the present study, the authors used available,
different, easily-trained and non-invasive instruments were
used by trainees for the screening of common visual
problems at Maha Sarakham Provincial Elderly Care
Center, which almost of the patients were difficult to
access the eye treatment due to physical disability, social
welfare, care giver or self-care ability.

The authors report the QoL as described in the
International Classification of Functioning, Disability and
Health: ICF, using the Short Form (36) Health Survey
(SF-36) retranslated Thai version questionnaire, which
have the statistically significant positive correlation in all
aspects with the WHOQOL: BREF (P<0.05) questionnaire
in QoL assessment’. The prevalence of ocular diseases

and visual impairment or blindness are also discussed.

Materials and Methods

Study design

This is the cross-sectional study conducted in
April, 2017 at Maha Sarakham Provincial Elderly Care
Center. The study was approved by the Mahasarakham
University Ethics Committee for research involving human
subjects (EC ID 029/2017). All investigations were carried
out in accordance with the tenets of the Declaration of
Helsinki and all participants gave an informed consent.
This study had been registered in the Thai Clinical Trials
Registry (TCTR), clinicaltrials.in.th, (TCTR identification
number: TCTR 20170418001).

Participants

The population in this study was all geriatric
patients at Maha Sarakham Provincial Elderly Care
Center, who eligibly met the inclusion criteria, which are
all patients who participated in the eye screening project
of Suddhavej Hospital, Faculty of Medicine, Mahasarakham
University. Informed consent were obtained from the
participants while some of them were excluded by the
exclusion criteria, i.e. the patients who refused to be
enrolled, any problems in the response to the questionnaire
or had a physical limitation to an eye examination in

upright position.
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Data Collection

Both eyes of all participants were evaluated for
distance visual acuity test with Snellen eye chart and for
near vision by Rosenbaum pocket vision screener.
Autorefractor and keratometer was used for evaluation of
ocular refraction. Intraocular pressure measurement using
automatic non-contact tonometer. Data acquisition by
these simple, objective and easily-trained instruments
were provided by well-trained medicals, paramedics and
applied Thai traditional medicine students. The authors
used slit-lamp biomicroscope for the assessment of
anterior eye segment by one ophthalmologist. Data was
recorded in the case record form. The last step was
posterior segment photography using a nonmydriatic,
digital fundus camera for single-field central posterior
45-degree image of both eyes without pupillary dilata-
tion.

All participants were interviewed using the list in
the SF-36: retranslated Thai version questionnaire, which
covered 8 aspects of QoL; namely, physical functioning,
(role limitations due to physical problems), social functioning,
(role limitations due to emotional problems), bodily pain,
general mental health, vitality and general health
perceptions. This questionnaire was developed in 1992
by Ware and Sherbourne and validated in Thai version
by Leurmarnkul W and Meetam P in 2005, which had
evidence supporting the validity and reliability of the
retranslated Thai version and recommended in the
interpretation with caution in Vitality and Role-emotional
scales due to the relatively low agreement between the
Thai version and the original. The evaluation of the results
was done by attributing scores to each question, which
were then transformed into a scale ranging from 0 to 100,
where 0 corresponds to the worst QoL and 100 to the

best. Each dimension was analyzed separately.

Data Analysis and Statistics

Descriptive statistics was used for continuous
and categorical variables. Variables were divided into 3
sets of data; patient background data, visual level, ocular
status and ocular examination data. Visual acuity levels

were divided in 4 categories based on the 4 visual

J Sci Technol MSU

stratifications proposed by Brown MM, et al. in 2002°. The
prevalence of ocular diseases was evaluated with all 46
eyes from 23 patients. The causes of visual impairment
in the better eyes that have presenting or best possible
correction worse than 20/70 were also reported.
Uncorrected near visual acuity (UNVA) of better eyes was
divided in 3 stratifications modified from Sanders and
Sanders 2007°. Mean scores of the QoL questionnaire
were separately reported in each domain. Differences
between two groups were evaluated using independent
t-test or Mann-Whitney U-test and using one-way
analysis of variance (ANOVA) or Kruskal-Wallis test for
more than two groups’ comparison.

The researchers have also selected the better
eyes for evaluating the correlation to QoL by comparing
between the eyes with visual acuity level better or equal
20/70 and the eyes with visual acuity level worse than
20/70 (based on a classification of severity of visual
impairment by the International Statistical Classification
of Diseases and Related Health Problems 10th Revision
(ICD-10 Version: 2016))". Patient performance status
was categorized by ECOG which was developed by the
Eastern Cooperative Oncology Group''. The patient
performance status includes grade 0; fully active, able to
carry on all pre-disease performance without restriction,
grade 1; restricted in physically strenuous activity but
ambulatory and able to carry out work of a light or
sedentary nature, e.g., light house work, office work, grade
2; ambulatory and capable of all self-care but unable to
carry out any work activities; up and about more than
50% of waking hours, grade 3; capable of only limited
self-care; confined to bed or chair more than 50% of
waking hours, grade 4; completely disabled; unable to
carry on any self-care; totally confined to bed or chair and
grade 5; dead. Data was analyzed using R 3.4.0 for
Windows (The R Project for Statistical Com-puting). A
p-value of less than 0.05 was considered statistically

significant.

Results
Patient Demographics

Twenty-three geriatric patients were included for
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analysis. There were 11 (47.8%) males and 12 (52.2%)
females. All patients were Buddhists. The mean (SD) age
was 74.2 (7.7) years old and the majority (52.2%) aged
between 71-80 years old. The ECOG performance status
was grade 2-3 (69.6%), grade 0-1 (21.7%) and grade 4
(8.7%), respectively (Table 1). All patients were under the

care of the elderly care officers.

Visual acuity

The majority visual acuity level was moderate
visual loss (50%). Binocular status (ICD-10 classification
of visual impairment) were mild or none of visual impairment
in both eyes, whereas monocular severe visual impair-
ment, binocular moderate visual impairment, monocular
blindness, binocular severe visual impairment and
binocular blindness, accounted for 30.4%, 21.7%, 17.4%,
13.0%, 8.7% and 8.7%, respectively.

Table 1 General demographic characteristics

Participants baseline characteristics N %

Gender

Male 11 47.8

Female 12 52.2
Age range (years) mean (SD) 74.2 (7.7)

61-70 6 26.1

71-80 12 52.2

> 81 5 21.7

Marriage status

Married 9 39.1
Divorced/ widowed 12 52.2
Single 2 8.7

Educational level

None 4 17.4
Primary level 17 73.9
Secondary level 2 8.7

Underlying diseases

Type 1 and 2 diabetes mellitus 10 43.5
Hypertension 17 73.9
CVA/ IHD 2 44
Asthma/ COPD 7 30.4
Psychiatric and cognitive disorders 5 21.7
Others 11 47.9

Table 1 General demographic characteristics (continue)

Participants baseline characteristics N %

Body mass index (BMI)

<18.5 3 13.0
18.51t0 22.9 11 47.8
23.0t0 24.9 4 17.4
25.0t0 29.9 4 17.4
> 30 1 4.4

ECOG Performance status

Grade 4 2 8.7
Grade 2-3 16 69.6
Grade 0-1 5 21.7

CVA, Cerebrovascular accident; IHD, Ischemic
heart disease; COPD, chronic obstructive pulmonary
disease; Psychiatric and cognitive disorders (depression,
Alzheimer’s disease, Behavioral and Psychological Signs
and Symptoms of Dementia (BPSD), Parkinson’s disease),
Others: osteoarthritis of the knee, polyneu-ropathy,
peptic ulcer, anemia, rheumatic heart disease, aortic
stenosis and ostium secundum atrial septal defects,
ECOG, Eastern Cooperative Oncology Group.

The uncorrected near visual acuity (UNVA) was
reported in Jaeger (J) system, which were J7 to J9
(43.5%), J1 to J5 (30.4%) and worse than J9 (26.1%)
(Table 2).

Table 2 Visual acuity level

Visual acuity level | N %

Best possible corrected distance visual acuity

Good reading vision (20/20—-20/25) 4 8.7
Legal driving vision (20/30-20/40) 7 | 152
Moderate visual loss (20/50—20/100) 23 |50.0
Legal blindness (20/200 or worse) 12 | 261

Classification of visual status (ICD-10 Version: 2016)

H54.0 Blindness, binocular 2 8.7
H54.1 Severe visual impairment, binocular 2 8.7
H54.2 Moderate visual impairment, binocular | 4 | 17.4
H54.4 Blindness, monocular 3 |13.0
H54.5 Severe visual impairment, monocular 5 |21.7
Uncorrected near visual acuity (UNVA) of better eyes
Jaeger 1 to Jaeger 5 7 |304
Jaeger 7 to Jaeger 9 10 | 43.5

Worse than Jaeger 9 6 |26.1
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Prevalence of ocular diseases

The prevalence reported from 46 eyes of 23
patients may have more than one diagnosis in some
cases. There were 38 (82.6%) phakic eyes and 7 (15.2%)
pseudophakic eyes, while one eye could not be identified
due to corneal opacification. The five common diagnoses
were cataract (80.4%), uncorrected refractive errors
(58.7%), presbyopia (26.1%), glaucoma (included
primary angle-closure suspect, primary angle-closure and
pseudoexfoliative glaucoma) (17.4%) and hypertensive
retinopathy (17.4%). Other diagnoses were pterygium,
diabetic retinopathy, dry eyes, non-neovascular AMD,
high myopia, optic disc coloboma, retinitis pigmentosa,
flecked retina, macular scar and phthisis bulbi (from
chronic uveitis). When evaluated only the three main
causes of visual impairment (VA worse than 20/70),
visually significant causes most commonly found included
cataract, glaucoma and retinitis pigmentosa. Others were
macular scar, uncorrected refractive errors and phthisis

bulbi (Table 3).

Table 3 Prevalence and principal causes of visual impair-

ment

Ocular conditions N %

Prevalence of ocular diseases (46 eyes)

Cataract 37 80.4
Uncorrected refractive errors 27 58.7
Presbyopia 12 26.1
Glaucoma/ PAC/ PACS/ PXG 8 17.4
Hypertensive retinopathy 8 17.4
Pterygium 6 13.0
Diabetic retinopathy 5 10.9
Others 14 30.7

Principal causes of visual impairment (46

eyes)
Visual acuity better or equal 20/70 22 47.8
Cataract 16 34.8
Glaucoma 3 6.5
Retinitis pigmentosa 2 4.4
Macular scar 1 22
Uncorrected refractive errors 1 22

Phthisis bulbi 1 2.2

J Sci Technol MSU

Table 3 Prevalence and principal causes of visual impair-

ment (continue)

Ocular conditions N %

Lens status (46 eyes)

Phakia 38 82.6
Pseudophakia 7 15.2
N/A 1 22

PAC, primary angle-closure; PACS, primary angle-closure suspect;
PXG, pseudoexfoliative glaucoma; Others: dry eyes, non-neovas-
cular age-related macular degeneration, high myopia, optic disc
coloboma, retinitis pigmentosa, flecked retina and corneal scar with

band keratopathy.

Consequences of visual impairment on QoL
The SF-36: retranslated Thai version questionnaire
was used to evaluate QoL. This instrument is divided in
two major components (8 domains); physical and mental
components. The better eyes in each patient were
selected for analysis. The visual status of the selected

eyes was shown in Table 4.

Table 4 Concurrent ocular conditions of the better eyes

Ocular conditions of the better eyes N %
Laterality

Right eyes 9 |39.1

Left eyes 14 |60.9

Vision impairment (Brown et al., 2002)

Good reading vision (20/20-20/25) 3 130
Legal driving vision (20/30-20/40) 5 |217
13 [56.5

Moderate visual loss (20/50—20/100)
Legal blindness (20/200 or worse) 2 | 87
Visual impairment (ICD-10 Version: 2016)
Better or equal 20/70 15 | 65.2

Worse than 20/70 8 34.8
Lens status
Phakia 19 (826

Pseudophakia 4 17.4
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The patients had the lowest score in physical
functioning domain 49.134.4) ), and the highest score
in mental health domain20.3) 77.4 ) (Table 5). When
compared to the Thai population from the study reported
by Leurmarnkul W and Meetam P, 2005, the results of
the present research had significantly lower scores in

physical functioning domain (P<0.001), role physical

domain (P=0.008), but higher in mental health domain
(P=0.003).

For each category, the health status were not
significantly different for patients with and without visual
impairment (cut point VA was 20/70), each level of VA
(good reading vision, legal driving vision, moderate visual

loss and legal blindness) or UNVA as well (Table 6, 7, 8).

Table 5. The SF-36: retranslated Thai version scores in our population

Domains Mean SD Median min-max

Physical components summary 57.9 23.8 48.8 24.4-100
Physical functioning 491 34.4 40 0-100
Role physical 52.2 45.2 50 0-100
Bodily pain 63.2 36.1 67.5 0-100
General health 67.0 20.6 65 30-100
Mental component summary 69.7 20.2 75 24.6-97
Vitality 65.7 22.6 70 10-100

Social functioning 66.3 28.3 62.5 12.5-100
Role emotion 69.6 42.5 100 0-100
Mental health 77.4 20.3 80 24-100

Table 6. The SF-36: retranslated Thai version scores of the better eyes by ICD-10 classification (N=23)

Domains Better or equal 20/70 (15) Worse than 20/70 (8) P value
Mean SD min-max Mean SD min-max
PCS 58.8 241 28.1-100 56.2 249 24.4-91.3 0.811
PF 45.7 34.0 0-100 55.6 36.7 5-100 0.400
RP 51.7 45.8 0-100 53.1 471 0-100 0.973
BP 72.0 32.3 22.5-100 46.6 39.2 0-100 0.117
GH 65.7 20.6 30-100 69.4 21.8 35-95 0.691
MCS 71.9 22.8 24.6-97 65.7 14.8 48.9-86.9 0.501
VT 66.0 245 10-100 65.0 20.0 30-85 0.922
SF 74.2 27.7 12.5-100 51.6 245 12.5-87.5 0.067
RE 68.9 46.2 0-100 70.8 375 0-100 0.796
MH 78.4 16.0 44-100 75.5 27.9 24-100 0.752

PCS, physical components summary; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; MCS, mental

component summary; VT, vitality; SF, social functioning; RE, role emotion; MH, mental health.
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Table 7 The SF-36: retranslated Thai version scores of the better eyes by Brown vision level classification (N=23)

Domains Good reading vision Legal driving vision Moderale visual loss Legal blindness P
I

Mean | SD min-max | Mean sD min-max | Mean sD min-max | Mean | SD min-max value

PCS 806 | 304 | 456-100 698 | 214 45-81.3 495 | 200 | 24.4-825 | 484 | 252 | 30.6-66.3 | 0.085

PF 850 | 218 | B0-100 A4 411 595 419 | 331 0-100 55.0 | 21.2 40-T0 0.295
RP 667 | 57.7 0-100 75 433 0-100 481 | 42.7 0-100 0.0 0.0 0-0 0237
EP B892 | 188 | 67.5-100 89 246 | 45100 475 | 342 0-100 613 | 548 | 225100 | 0.068
GH 817 | 238 55-100 71 16.4 45-85 G604 | 205 30-95 775 | 248 60-95 0.328
MCS 733 | 333 35.3-97 80.5 65 | T28-869 | 660 | 218 | 246-945 | 620 0.7 | 61.5-625 | 0.554
VT 61.7 | 34.0 35-100 &1 125 40-T0 6892 | 249 10-100 60.0 | 21.2 45-T5 0.605
SF B33 | 289 S0-100 80 227 50-100 56.7 | 30.0| 125100 | 688 | 88 62.5-T5 0273
RE 667 | 57.7 0-100 100 0 100-100 841 | 44.0 0-100 333 | 471 0-66.7 0.1580

MH 813 | 227 | &B-100 808 | 156 | 60-100 739 | 228 24-96 850 | 198 | 72100 0.858

Table 8 The SF-36: retranslated Thai version scores by UNVA of the better eyes (N=23)

Domains J1 to J5 J7 to J9 warse than J9 P value
Mean sD Mmin=mas Mean sD min=max Mean sD min=max
PCS 56.3 244 28.1-100 56.4 262 24.4-96.3 62.0 228 30.8-85 0.894
PF 429 324 5-100 40.0 338 0-95 1.7 3T 25-100 0.140
RP 571 45.0 0-100 525 50.6 0-100 45.8 43.1 0-100 0.849
BFP 589 3.3 22.5-100 70.3 399 0-100 56.3 391 12.5-100 0.784
GH 66.4 21.0 45-100 63.0 232 30-90 74.2 16.6 60-95 0.596
MCS 67.5 19.3 35.3-87.5 75.0 245 24.6-97 B3.5 128 45.5-82.8 0.532
VT 57.8 16.8 35-80 B7.0 29.1 10-100 725 15.4 45-85 0.513
5F 7.4 2386 50-100 1.3 339 12.5-100 521 215 12.5-75 0.376
RE 61.9 48.8 0-100 BE.T 322 0-100 50.0 46.0 0-100 0.199
MH 78.9 16.3 56-100 75.2 243 24-100 79.3 20.5 44-100 0.910

J, Jaeger.

Consequences of physical disability on QoL 0-1 and grades 2-4 ECOG performance status, there was
It could be assumed that there might be a significant difference in physical functioning domain
stronger correlation of physical component with the mobility (P=0.001) (Table 9).

status. When compared the SF-36 scores between grades
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Table 9 The SF-36: retranslated Thai version scores by mobility status (N=23)

Pomaing ECOG grade 0-1 (N=5) ECOG grade 2-4 (N=18) P valun
Mean sD mirn-max Mean S0 min-rmax

PCS 62.7 25,6 24.4-100 46.9 154 331-788 0.148
PF 64.7 290 20.0-100 13.6 11.4 0-30 0.001
RP 516 46,1 0-100 536 46.6 0-100 0.833
BP 65.0 3.9 12.5-100 58.9 413 0-100 0.B63
GH 69.4 19.1 40.0-100 61.4 245 30-90 0.407

MCS 69.58 19.4 35.3-97 69.5 23.6 24.6-90.9 0.975
VT 70.6 18.9 35.0-100 54.3 276 10-80 0112
SF 6E.4 277 12.5-100 BE.1 320 12.5-100 0.980
RE 62.5 417 0-100 B&.T 378 0-100 0169
MH 79.8 18.7 44.0-100 720 242 24-96 0.412

ECOG, Eastern Cooperative Oncology Group.

Discussion

To our knowledge, this study is the first study in
Thailand which evaluated visual acuity and ocular diseases
of geriatric patients in elderly care center. The researchers
assessed the correlation of visual acuity and QoL using
retranslated Thai version of SF-36, a global QoL measuring
instrument. The results did not demonstrate any correlation
between all sub-components of SF-36 scores and visual
performance (distance VA and UNVA).

In prevalence of ocular diseases, the result is
comparable with the report from the eye screening project
of Primary Care Unit, Faculty of Medicine, Thammasat
University in 2014, and WHO statistics, which were
cataract (82.61%), uncorrected refractive errors (39.13%),
presbyopia (21.74%), glaucoma (17.39%), hypertensive
retinopathy (17.39%), diabetic retinopathy (8.70%) and
pterygium (8.70%), respectively. The other diagnoses
were non-neovascular AMD, high myopia, optic disc
coloboma, dry eyes, retinitis pigmentosa, flecked retina
and corneal scar with band keratopathy. The majorities
of leading causes of distance visual impairment were
cataract, glaucoma and retinitis pigmentosa. Presbyopia
is one problem that might affect the leisure and near task
activities.

There are studies reporting the correlation of

QoL in ocular problem patients. In 2001, Kupersmith MJ,

et al. evaluated the patient perception of visual and
systemic disability associated with giant cell arteritis
(GCA) and reporting that the Activities of Daily Vision
Scale (ADVS) and SF-36 did not reveal significant disability
in GCA patients and there were no strong correlations
with any visual performance or systemic measures®. In
subfoveal choroidal neovascularization patients, the
results reported by Childs AL, et al. in 2003 showed that
mental component summary scale (MCS) and mental
health subscale scores did not correlate with better eye
visual acuity at any time point after 2 years follow up"™.
The physical component summary scale (PCS) and the
physical functioning subscale scores were slightly
correlated with better eye visual acuity at 2 years. They
concluded that the SF-36 scales were not responsive to
changes in visual acuity in patients in the Submacular
Surgery Trials pilot study, and a general QoL tool may
not be sufficient, and a vision-targeted QoL tool may be
needed.

In glaucoma patients, Lester M and Zingirian M
reported in 2002 that the SF-36 score showed significant
mild correlation with age and visual field indices but when
compared to the Viswanathan et al's questionnaire, the
complexity of SF-36 made Viswanathan et al's question-
naire more useful than MOS SF-36, both for the score

and for the velocity to use™. On the other hand, these
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results differed from Nah YS, et al. in 2002, which
reported no significant correlation between visual field
defect and visual function with SF-36 score'®.

When correlated the best possible corrected
distance visual acuity and UNVA to the SF-36 scores,
there was no significant difference in QoL score between
better and worse visual acuity levels. The physical
functioning domain was statistically different between
ECOG grade 0-1 and grade 2-4 groups. Comparing to
Thai general population’, the population of this research
had significant lower score in physical functioning and
role physical domain, that might be caused by the popu-
lation were ageing patients and the majority of their
performance status was ECOG grade 2-3. On the other
hand, the mental health domain score was statistically
higher.

Our study has two important limitations. Firstly,
the small size of population because of some of the
geriatric patients were unable to attend the eye examination
in all tasks, which were excluded from the study.
Secondly, the response to subjective measurement,
especially visual acuity and questionnaire was varied.
Others might be the physical disabilities and other
medical problems may be the obstacles to the result
reliability in QoL assessment. Due to the possibility of
unilateral or bilateral blindness, visual impairment might
affect the QoL assessment. In addition, the authors also
tried to compare each group according to ICD-10 Version:
2016 but the low number of patients could not demon-
strate any significant difference.

As a screening eye disease, the results do not
assess other visual functions such as visual field, contrast
sensitivity, stereopsis and dilated fundus examination,
which may influence the ocular disease prevalence and
QoL analyses. Given these limitations, our results might
difficult to generalize to a larger cohort of patients. The
researchers believe that ophthalmic data management,
such as registration and follow-up data collection, the use
of other instruments to assess the organ specific (vision)
QoL, and the development of multi-center visual screening
in elderly care center may improve the reliability of the

results and provide additional information in the future.

J Sci Technol MSU

Conclusion

In conclusion, the prevalence of ocular diseases in
geriatric patients at Maha Sarakham Provincial Elderly
Care Center is comparable to the WHO report and other
studies in Thailand. The better eye’s visual acuity has no

statistical correlation to SF-36 subscale scores.
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Abstract

The pollen grains of twelve species of the Arecaceae namely Adonidia merrillii, Bismarckia nobilis, Borassus flabellifer,
Calamus caesius, Cocos nucifera, Dypsis lutescens, Hyophorbe lagenicaulis, Livistona chinensis, Phoenix dactylifera,
P. roebelenii, Washingtonia robusta and Wodyetia bifurcata were studied using light and scanning electron microscopy.
The pollen grains are monad with bilateral symmetry, elliptic-circular, elliptic or subelliptic in shape in polar view;
monosulcate. Size averages for the long axis in polar view were 20.10-55.66 um, and averages for the short axis
in polar view were 17.86—44.25 pym. The exine sculpturing is punctate, perforate, rugulate, granulate-punctate,
granulate-reticulate or reticulate. Based on observation of shape, exine sculpturing and surface of aperture we divide
the Arecaceae into three groups. These characteristics of the pollen morphology can be used to identify some species

in the Arecaceae.

Keywords: Pollen morphology, Arecaceae
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Table 1 List of Arecaceae species in present study.
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Species Local name Locations Collection numbers
1. Adonidia merrillii (Becc.) Becc. 1NauwIa Mahasarakham Province Rakarcha 81
2. Bismarckia nobilis Hildebr. & H.WendI. A Kalasin Province Rakarcha 82
3. Borassus flabellifer L. a1 Mahasarakham Province Rakarcha 83
4. Calamus caesius Blume #g Udonthani Province Rakarcha 84
5. Cocos nucifera L. Wi Mahasarakham Province Rakarcha 85
6. Dypsis lutescens (H.Wendl.) Beentje & J.Dransf. RUNLAR DY Mahasarakham Province Rakarcha 86
7. Hyophorbe lagenicaulis (L.H.Bailey) H.E.Moore ﬂﬂﬁuLL“ﬁ&lLﬂiy Udonthani Province Rakarcha 87
8. Livistona chinensis (Jacqg.) R.Br. ex Mart. hanin Mahasarakham Province Rakarcha 88
9. Phoenix dactylifera L. BUNHAN Mahasarakham Province Rakarcha 89
10. Phoenix roebelenii O’Brien thauFuaasilum Chaiyaphum Province Rakarcha 90
11. Washingtonia robusta H.Wendl. thaudadlan Mahasarakham Province Rakarcha 91
12. Wodyetia bifurcata A.K.Irvine thaunandinag Mahasarakham Province Rakarcha 92

NAaNISANE
= s a A 6 6
NNMIANINFUFIWINSWIBVBINTIALNEY
UNTRA mslﬁnﬁaafgamiﬂﬁuuﬂﬁmLLa:nﬁad@amsmi
BLANATOULULFDINTIA NUINANTAINFIRaN N2 11

Ao Dwiadien (monad) suanATLLLAMIN (bilateral
symmetry) 7adt1@817 1 a9 (monosulcate) WazINY
szidualuudazafiianaznsnidsdaluil (Table 2 uaz Figures
1-3)
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WA (size)
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ﬁﬂH’IVLﬁLLﬁ Bismarckia nobilis, Calamus caesius W8
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Adonidia merrillii, Cocos nucifera W8 Wodyetia bifurcata
wuqu)?"um@nmauazm&mm@lmy’ AMNLNIVDILNHA
#11 20.10 lulasiuas 1w Phoenix raebelenii i3 55.66
lulaswuas 1w Wodytia bifurcata A1N08N08IUNHGIHEH
17.86 lulasiuas 1w Phoenix dectylifera ©19 44.25
1ulaswwas 1w Cocos nucifera

31/319 (shape)

FUI9VBILTHULNANEA @ INTERINANNEN
PaIUNUEIREIAaANNEITaIRNHE S WS aFoinalu
yuuw WugLeaedlam 3 gﬂiwaﬁa@ia"l,ﬂﬁ

UM elliptic-circular (La/Sa= 1.01-1.13)
wu'lw Adonidia merrilli (Figure 1a-b), Borasus flabellifer
(Figure 1g-h), Cocos nucifera (Figure 2a-b), Livistona
chinensis (Figure 2j-k), Phoenix roebelenii (Figure 3d-e)
wae Washingtonia robusta (Figure 3g-h)

3U9L3mUUY subelliptic (La/Sa= 1.14-1.32)
wulw Calamus caesius (Figure 1j-k), Dypsis lutescens
(Figure 2d-e), Hyophorbe lagenicaulis (Figure 2g-h) LLae
Phoenix dectylifera (Figure3a-d)

ULV elliptic (La/Sa= 1.33-2.00) wulu
Bismarckia nobilis (Figure 1d-e) wae Wodyetia bifurcata
(Figure 3j-k)

sas1ia (Aperture)

fosdavasRmedisunonuafiansndwuuy
monosulcate Sefiinumadutandad mﬁm’sag’u%nm
distal va91304 A8 astoaagaud 14.37 lulasuas
1w Phoenix roebelenii §19 43.56 lulasiwas lu Cocos
nucifera fArvasteadasiulnajazuyuse ondu Cocos
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nucifera (Figure 2b), Hyophorbe lagenicaulis (Figure 2h)
Wae Livistona chinensis (Figure 2Kk) Afwesteulaay
Sovathaiuladaian

[IA[LVDI wﬁa%w,an%u (Exine sculpturing)

wﬁm%madﬁ‘maﬁmﬁuﬁﬁwmiﬁnmluﬂ%ﬁﬁ
anuwwdaud 1.64 lulaswas lu Calamus caesius A9
2.62 lwlasiwas ln Washingtonia robusta 8@ a18% DINTH
Fuandusansautsaanldidu 6 wuy

AIARUUBHTEITWONEULULA 1 A8 punctate
a’mmUﬁﬂ’a"uaaLi%gﬁs"]aﬂauﬂ%aLﬂmﬁumﬂmﬁmm
sm'vﬁaLﬁumuguﬁnmwaa“ﬁaaﬁaguuwﬁats%ﬁmm@
wasnin 1 lulasiuas Usznaudae Adonidia merrillii
(Figure 1c), Cocos nucifera (Figure 2c) Wae Livistona
chinensis (Figure 2l)

AIAMBUUNTHITUWANTULULA 2 AB regulate
%aﬁé’nwmzmaawﬁamwﬂmﬁumaﬁmmm’amnm’n
lalasiuas wazdaSoedmldiduszibon nuawzlu
Bismarckia nobilis (Figure 1f)

samuUwHTITuanduuuLd 3 Ao

reticulate %awﬁaLs%ﬁﬁﬂwm:L%ﬁaumwﬁWU
fiswsegesndrannnit 1 lulaswas wulu Phoenix
actylifera (Figure 3c), P. roebelenii (Figure 3f) Lz Wash-
ingtonia robusta (Figure 3i)

AR UUWHIRITULONEULULA 4 Ao punctate-
granulate %dﬁé’ﬂﬂmzﬁ’ﬂ@ﬂﬁ;’ﬂmﬂmmu punctate LL@i“?i
ﬁ]ﬁLmil‘fa (granulate) Lﬂu@juiﬁauu wulawnzlu Borassus
fiabellifer (Figure 1i)

sasUuHITITUanguuULT 5 de reticulate-
granulate ‘%Gﬁﬁﬂwmzﬁ’ﬂﬂﬂﬁ;ﬂﬂ \Juwluy reticulate LL@iﬁ
Avusmgesfiunsyaduduldoun wuawzlu Calamus
caesius (Figure 11)

MIAMUUBRITITWaNTuIULT 6 A perforate
ﬁé’nwm:ﬁaﬁus%ﬁgﬁﬁa navedzianunidasnin
1 lulasiway wulu Dypsis lutescens (Figure 2f), Hyophorbe
lagenicaulis (Figure 2i) wae Wodyetia bifurcata (Figure
31)
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Table 2 Pollen morphological characters of Arecaceae.

La = long axis, Sa = short axis, La/Sa = long axis/short axis, Et = exine thickness, Cl = colpus length

Species La (um) Sa (um) La/Sa Et (um) Cl (um)
1. Adonidia merrillii 40.00-52.50 37.50-52.50 1.07 1.66-2.71 23.95-29.16
(46.83+3.76) (43.58+3.75) (2.08+0.34) (26.65+2.19)
2. Bismarckia nobilis 25.00-37.50 17.50-30.00 1.35 1.65-2.90 20.75-28.95
(31.33£3.26) (23.1743.00) (2.21+0.36) (25.09+3.34)
3. Borassus flabellifer 35.00-45.00 30.00-45.00 1.05 1.27-2.88 20.65-36.25
(39.92+2.58) (37.93£3.29) (2.010.44) (28.1846.13)
4. Calamus caesius 22.50-32.50 10.00-27.5 1.15 1.00-2.21 19.87-25.71
(26.58+2.22) (23.05+3.05) (1.64+0.43) (22.49+2.27)
5. Cocos nucifera 42.50-52.50 37.50-50.00 1.06 1.32-2.29 39.08-47.61
(46.92+3.06) (44.25+2.80) (1.67-0.35) (43.56+2.89)
6. Dypsis lutescens 30.00-37.50 25.00-35.00 1.16 1.61-2.55 25.00-38.00
(34.50+2.89) (29.67+1.94) (2.1540.27) (32.65+4.85)
7. Hyophorbe lagenicaulis 30.00-42.50 25.00-37.50 1.21 1.81-2.70 26.31-35.42
(35.50+2.58) (29.42+3.12) (2.26+0.34) (31.04+3.82)
8. Livistona chinensis 32.50-50.00 30.00-47.50 1.06 1.90-2.63 31.58-42.58
(41.08+3.98) (38.75£3.76) (2.24+0.27) (37.24+3.98)
9. Phoenix dactylifera 16.78-24.95 15.00-23.75 1.19 1.56-2.57 17.75-20.15
(21.17+2.73) (17.86+2.37) (2.01%0.38) (19.30+1.03)
10. Phoenix roebelenii 15.50-25.00 17.50-22.50 1.06 1.15-2.16 12.96-16.35
(20.10+1.87) (18.92+1.93) (1.65+0.30) (14.37+1.59)
11. Washingtonia robusta 22.50-27.50 20.00-27.50 1.1 2.21-3.63 16.35-21.75
(24.87+1.61) (22.33+2.36) (2.62+0.48) (18.87+1.93)
12. Wodyetia bifurcata 50.00-60.00 32.50-45.00 1.47 1.15-2.78 27.66-35.93
(55.66+3.47) (37.92+3.35) (1.92+0.49) (30.74+3.39)
Table 2 Pollen morphological characters of Arecaceae. (continue)
Species Shape Symmetry Size Exine sculpturing
1. Adonidia merrillii elliptic-circular bilateral medium-large punctate
2. Bismarckia nobilis elliptic bilateral small-medium rugulate
3. Borassus flabellifer elliptic-circular bilateral medium granulate-punctate
4. Calamus caesius subelliptic bilateral small-medium granulate-reticulate
5. Cocos nucifera elliptic-circular bilateral medium-large punctate
6. Dypsis lutescens subelliptic bilateral medium perforate
7. Hyophorbe lagenicaulis subelliptic bilateral medium perforate
8. Livistona chinensis elliptic-circular bilateral medium punctate
9. Phoenix dactylifera subelliptic bilateral small reticulate
10. Phoenix roebelenii elliptic-circular bilateral small reticulate
11. Washingtonia robusta elliptic-circular bilateral small-medium reticulate
12. Wodyetia bifurcata elliptic bilateral medium-large perforate
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Figure 1

Iaky X1.888

Light micrographs of pollen grains in species of Arecaceae: Adonidia merrillii (a), Bismarckia nobilis (d),
Borassus flabellifer (g), Calamus caesius (j) (scale bars: a, d, g, j = 10 ym). Scanning electron micrograph
(SEM) of pollen grain in species of Arecaceae: Adonidia merrillii (b-c), Bismarckia nobilis (e-f), Borassus

flabellifer (h-i), Calamus caesius (k-1) (polar view b, e, h and k; exine pattern c, f, i and ).
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HZ. 588 18 Mm Pal "n

Figure 2 Light micrographs of pollen grains in species of Arecaceae: Cocos nucifera (a), Dypsis lutescens (d), Hyo-
phorbe lagenicaulis (g), Livistona chinensis (j) (scale bars: a, d, g, j = 10 ym). Scanning electron micrograph
(SEM) of pollen grain in species of Arecaceae: Cocos nucifera (b-c), Dypsis lutescens (e-f), Hyophorbe

lagenicaulis (h-i), Livistona chinensis (k-1) (polar view b, e, h and k; exine pattern c, f, i and I).



Vol 37. No 3, May-June 2018 Palynology of some Arecaceae Species 335

10KV X10:808 e

Figure 3 Light micrographs of pollen grains in species of Arecaceae: Phoenix dactylifera (a), P. roebelenii (d),
Washingtonia robusta (g), Wodyetia bifurcata (j) (scale bars: a, d, g, j = 10 pym). Scanning electron micro-
graph (SEM) of pollen grain in species of Arecaceae: Phoenix dactylifera (b-c), P. roebelenii (e-f), Wash-

ingtonia robusta (h-i), Wodyetia bifurcata (k-1) (polar view b, e, h and k; exine pattern c, f, i and I).
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Abstract

This study explores the Residues-to-Product-Ratios (RPR) values of coconut which specific of each materials and
area. The results are used to provide a reference for the estimation of potential biomass as energy production in the
Western Region of Thailand. The findings show that RPR values of Outer Coat, Middle Fibrous Coat, Shell, Upper
Core Leave Stalk, Bottom Core Leave Stalk, Frond and Empty Fruit Bunch are 0.28, 0.12, 0.20, 0.09, 0.14, 0.04 and
0.03 respectively. Then, the potential of biomass in Western Region of Thailand was estimated as 52.43 ktoe, based

on production yield in 2015.
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Table 1 Equations for analysis

J Sci Technol MSU

Equations®’

Remark

BMA = SAF *BMG

BMG =PY*RPR

RPR = (W *N)/(W_ *N
SAF = (100 - %UTZ )/ 100
ENP = (BMA *1,000* HV ) / (42,120,000)

)

FRU

BMAi = Biomass Available (tons/ year)

BMG = Biomass Generation (tons/ year)

RPRi= Residue to Product Ratios (no unit)

SAF = Surplus Availability Factor (no unit)

ENP|= Energy Potential (ktoe/year) ; (1 ktoe = 42,120,000 MJ *)
Wi = Weight of Biomass (kg.)

Ni = Number of Biomass ( no./ Rai /year)

PY = Production yield of coconut (tons/ year)

%UTZI = Percentage of Biomass Utilization

HVI = Heat Value (MJ/kg)

i = Category of Biomass (FRU, OTC, MFC, SHE, SLE. LS, ULS,
BLS, FRO Llas EB)

Table 2 All results of study

Biomass Categories
Result Fruit (n=200) Leave Stalk (n=267) Bunch (n=228)
oTC MFC SHE SLE FRU ULS BLS FRO LS EB
‘w 0.62 0.27 0.43 0.87 219 0.95 1.48 0.43 2.86 0.34
N 2,745 | 2,745 | 2,745 | 2,745 | 2,745 553 553 553 553 460
%UTZ '99.19 0 '91.30 100 100 5.75 4.80 11.13 - 3.95
SAF 0.008 1 0.087 0 0 0.943 | 0.952 | 0.889 - 0.961
RPR 0.28 0.12 0.20 - - 0.09 0.14 0.04 0.26 0.03
" as received basis
Table 3 Energy potential from coconut residues in western region of Thailand
Biomass PY? RPR SAF PBG BMA HV ENP
oTC 324,788 0.28 0.81 90,941 737 16.23 0.28
MFC 324,788 0.12 1.00 38,975 38,975 16.23 15.02
SHE 324,788 0.2 0.087 64,958 5,651 17.93 2.41
uLs 324,788 0.09 0.943 29,231 27,550 16.00 10.47
BLS 324,788 0.14 0.952 45,470 43,288 16.00 16.44
FRO 324,788 0.04 0.889 12,992 11,546 16.00 4.39
EB 324,788 0.03 0.961 9,744 9,359 15.4 3.42
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Table 4 The comparisons of RPR values

Fruit Coat Leave Stalk
Result Empty Bunch
oTC MFC SHE uLs BLS FRO LS
RPR from 2™ data 0.33° 0.33° 0.25° n.a. n.a. n.a. 0.23° 0.29°
RPR from study 0.28 0.12 0.20 0.09 0.14 0.04 0.26 0.03
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Abstract

This research reports the long term efficiency degradation of grid connected inverters which were installed for 9 and
10 years. The test procedure followed IEC 61683:1999. From the experimental results, it was shown that the
efficiency of 9 and 10 years’ installation were 87.95 and 88.71%, respectively at the rated/partial output power (PO/POD)
equals 35% and 30%. While the efficiency of a new grid connected inverter was 91.99% at the rated/partial output
power (PO/POp) equals 62.82%. The different efficiencies for 9 and 10 years operation and initial installation varied
between 1.53 and 11.11% and 2.65 to 12.60% respectively, which indicated that the inverter efficiency degraded for
the test inverters. The Euro efficiencies of the new inverter, and after 9 and 10 years’ operation were 90.47, 87.16
and 86.47%, respectively and CEC efficiencies were 91.14, 87.41 and 86.83%, respectively. The estimated efficiency

degradation rates are approximately 0.364 and 0.392 %/year respectively.

Keywords: Grid connected inverter Long term performance Efficiency degradation

" ANNFUWIIIUNAUNY AR INEIRLTAIT Asmlan 65000
" School of Renewable Energy Technology (SERT), Naresuan University, Phitsanulok 65000, Thailand

* Corresponding author. E-mail address chatchaisi@nu.ac.th



348 Chatchai Sirisamphanwong et al.

UNKI

Usznalnsfidnsnmwnisuusanfiadiade 5.05 KWhm?
dou’ uazluunINuAivesl el ens MWNEIHLE
ofiadiladgunnnin 5.55 kwh/m? Gafio3suifisuiv
Ussinedug fadddnanweandnags Fatusoleinng
goissuannnadgliinanda i nwasuuEs
ofiadluEsndodasudt 2550 lifigaulaninu
lumsndaWihanwasnuussenfagidudrmwinunn a0
ﬁagamaaﬂiuﬁ@umwéﬁmumLmuLLazmﬁﬂﬁwﬁamm:q
1 o Judl w.a. 2556 Uszindlngfivsinmaaaslslnii
WRINULEIO AR TLa IV UNAR T nLsasLaIafiag
LLUU@@%@UW&'@magin 787 MW? @glwBandimdiin
azvimndaluzdunuvasszuundalwinnsaduas
fiaduuudanszuusIMng (Grid connected PV system)
Fofigudsznoundng Adnadalszantnwaasszuy
laoasiag 2 dufa unamasuasaIfiad (PV module) uas
indasudasnszugiinuuudadnszudmiing (Grid tie
inverter) lagUn@szuunaa Wihanioasuzianfiaduuy
@im"ﬂ"nszum‘immmzﬁmqmsﬁwmuvlsjﬁ'mdw 25 1
waluga9ainY s ENE N NU09 LHSLTARUFIDNTiAE
uwazinsasulasnsuaiWihuuudadhszuuimihezdes 9
a@amﬂﬂmwmmLﬁammwmaaqﬂmzﬁmﬂuummaﬁ
ussonfiaduaziaiasudasnszug Wi msdnsnIaass
°uaaﬂszf‘aﬂ%mwhqﬂmtﬁmmﬁﬁmmﬁwﬁ@mmﬁaamﬂ
°1TaQaﬁvlﬁazgﬂlﬁylﬂumiﬂszLﬁuﬂszaw%mwuazmma@
IWfanszuundalWihanaasussaiaduuudedn
sruydniing ’é'ﬂﬁv'aﬁaLﬂuﬁagalﬁﬁuQwﬁmﬁwvlﬂélﬂums
ﬁ@umwﬁmﬁmﬂﬁﬁqmmwﬁﬁa“ﬁu FIm3fnmNIanas
maaﬂizﬁﬂ’ﬁmwummaﬁummﬁ@zﬂmwzm’sfyiuﬁ;jﬁﬂm
snuddudwanmsnnlunana g nadl mamsansnelu

3-10

'y 2 A Y Aaa
#2INnaaas® waznIAn¥ILAIaILUaINTTUF IWANN DA

asuazlaululsslWiwasouussaniiag ™

= .
Fesulna
& 2 A ) A a ' Y

\dumsinsifesasiudszaninmlugisduduvainis
v 4' Y 1 a =1

I unIosutasnTzus Wil ualunsduasms@nwinig
aaaspadlszaninnuazqauniwlnilluszazenivas
309t asnTeus T wuudansruudmine gl lad
NN3ANEN081993999 laun13aaadvaslssanTainwas
AT U RINTTLR MNH LU UA LTI LS IR U B TTE I
Inaiinanmudenaninvesadnininoluiaiasudas
A WA REINE UM T IaumTiFaN e
qﬂmmﬂmwiazdamzdma@iaﬂsz%w%mwLmzqmmw

A ludnumenuandrsinll deniudsdndudasinig

J Sci Technol MSU

AnvnaveInNITanadvadlszintainlussazenived
indasutaanszuglninuuudadnszuusming iees
nuiidanmiaaasvadlziniawuasdymgmunw
Ininfiazfaduluewnandsonldnuatasulainsus
WA luszozo1r nsEneINaTeINITAARIVDY
Uszansnwluszezenivesintosudasnsug Wiuuuda
WIzuUdInNg ﬁmﬂm‘%aaﬁéﬁﬁmmﬂLﬁaamnmﬂ?{flaw
amwpadtaiasulainssugMiuundeds uUS NG
eFInanTznulasaTidansnaa il vinlinda Wi la
fiouas BndarildiAadgmamnwliihanlisunsa
faldaudnAuszuUsmeing e dﬁ%ﬁ%’ﬁﬁ;jﬂﬁ%ﬂ'ﬁﬁﬂﬂ’]
HaUBINNTaRaITRIUTE AN T W luszaseniveaesasutad
nrzualWiuoudad T uusInng ialvmsuds
ANBUNNINNIAANIVAIUIZENTNAN LLazqmmvaWWﬂu
srzpvadtetasudasnszua Wi uoud et sz
FIRUNY G’féda:ﬁawa@iamigzyLﬁywﬁamuvlvdﬁmzmvlﬁ fie
IiiAadgmamnnliinegndls uasnansznuiiadu
eFInadazuuluszuzaagnglithe udednsitne
wilailymienfeduluawina

LﬂéamﬂmnimﬂﬂﬁnmuL%'aawiatfﬁ‘s:uu
R AL

n3asutasnszuslWinuuidonsadnszuy
SRl T U AT UUNE R I T W a9 U
anfad in1swrunlglunsudalW i Tui G swdiaed
wasfasluusnmiifissuusmingdnde Swihdiudas
TW#nszuaass (DC) InuNILTaswaIafad lwidu
WA nIzuaadL (AC) ﬁﬂﬁuwngmw"v‘hmmsn@im%au
WhAuszuudmineld lasindannvinanude wisan
"I,W*N'ms:uamaﬁvlﬁmmmqLfnaaﬁmmﬁmﬂa:gnﬁn%
indasutasnszualwiuiaudasdundsnwlninsus
adu looindosutamnazualnihasanaiyannlninl
sruuSmhganannm esidyanalWin il fsue
milownusygrm Wi luszuudminoussnanaunszug
Tl lranduidrsuusmiing Sadlunssminglwih
auwnsotrwaad Wi luszuusnlunsaidnslsininly
s200R0NNIn deimadesudasnseualWinuiais e
anudugawduatiounn uaziiminuguiganmlni
1ﬁLﬂ%3ﬂﬂ§‘u1‘ﬂﬁU%qﬂ§ (Pure sine wave) &31a%asulad
nszualwihuunidendadnszuusmsine S naud
Figure 1



Vol 37. No 3, May-June 2018

Long term performance of a grid connected inverter under operation conditions

349

—
MPPT DC/DC
P, P P Bridee P Filter P Transformer
o Tracking Ot | converter | °¢ - AL AL
—
: : Pac
S Grid Grid
disconnect disconnect
Power Line Yy ¥y
.......... Grid Line

Control Line

Figure 1 Block diagram of grid-connected inverter

indasutasnszualWihuousadnszuuiming
ﬁduuﬂs:ﬂauﬁﬁ’]ﬁmayj 7 §7% U3znauey ITUUaINAI
ﬁ']é'ﬂﬂﬁl'}gdq@ (Maximum Power Point Tracking, MPPT)
ﬁmﬁwﬁmqmﬁﬁﬂﬂﬁwgaqwammmaﬁum anfiad lag
lrmsTaennszualniuazussdulnihvesunsoasudas
q@]ﬁfmmmzLﬁaﬂ@@ﬁwmuﬁﬁﬁq@ qﬂﬂsnim‘éwvlwqﬂw
N32URA3I(DC/DC Converter) s AUFuLsIEwlnin
nszuamaﬁ%ﬁmmsmumﬁﬁﬂvxlﬂﬁgaqﬂiﬂﬁag’sl,u
seduussaulWi ANz au 19371303 (Bridge) Ynsind
wdadlwihnszuaasslidulwihnszuasdy dnsaslnin
(Filter) vnwihAnsaslwinszugasuanisesusasliid
suFmalwi hugeaulsiuians nifaudasluin
(Transformer) s fignamwassnuwlWinainisas i
witsldTe8n9asnits Tesfieudliwaswudaade
Wasnwuaussduuaznssudlnin Sensdoudaslniines
Il I sz uaad UL aunsnidadalwiln (Grid
disconnected) mihAdeuiaasutasnszualwigh iy
RGN qﬂﬂmimuqu (Controller) ﬁmﬁwﬁmqums
7N91Uva9 MPPT DC/DC Converter Bridge Was Grid
disconnect livnnuldatnigndasuazusingranugmania
figoams ualuaasudasnszuglnfiuuudadhssuy
i‘i']%ﬂ']ﬂuwaéuawavlﬂﬁqﬂnsﬁﬂﬁsﬂﬂﬂmswmﬁ (DC/
DC Converter) Waz wajaudad Wi (Transformer) laans
Sl ansannuesiasosudasnszualnih (Inverter
Efficiency : 1 ) 81an3awn|danaunis

nle - PINV/PF'V (1)

1la
, = Maslihasumsimaduasoriiag (kw)
\, = Maslwihvsseiasudasnszualuin kw)
By Mdvlwivasunsisaduaenfiad (P )
T ldnaumg
P =1 xV @)
PV DC DC
d
\ila

I ﬂi$LLﬁ1W‘W’]ﬂ§$LLﬁ@]iﬁ]’mLLN\‘]L‘HQQ{LL&\‘]

DC
a 4
aneas (A)

e LLiG@]’%VLW‘W’]ﬂiuLﬁ(ﬂi{Iﬁ]’]ﬂLLNx‘lLsﬁﬂﬂ{LLﬁ\‘]

anfiad (V)

uazasinihaesesasuasnszuslni P )
susam ldananns

P =

INV (3)

| xV xcose
AC AC

| = Nz ANz LERAUINNLAT OIS
AU NN (A)
V =

AC
AU NN (V)
Cos0 = yusznitanszuainiuazusadulniin

WIIAWINH N TELEFRUINNLATD IR A

NIZUIRAU



350 Chatchai Sirisamphanwong et al.

ABn1INAay
nIAnEIN1IanaIesIzANTNMNLAZ MN N
Wi luszzonveseiosndainsudlniuouidande
hszuudming lasldiedesudsansudlniuuuidends
sz uUs s IIa 3.5 KW Ssdadsnneluinends

Chroma

62150H- u
1

PV

J Sci Technol MSU

WRINUNAUNY UMINENFBULIAIT NANTITNBUIULT
likaondn 10 T enuanasgu IEC 61683:1999 (Photovoltaic
system - Power conditioners - Procedure for measuring

efficiency)” la8duaaunINARBLLEAIGS Figure 2

Chroma 66204 dig

Voltage probe
Current probe

Figure 2 The testing scheme of the experimental test setup for the grid-connected PV inverters (IEC 61683)

minaseuldRainamay o INLIRIWAINY
NAUNT UNIINETEULIAIT FSULASaIRUaINTIUE
Wi lg a3 sutasnszualiiuuuidendaitiszuy
SmrinsRdedousslinuiuszuunaalnidamaduss

ofiaduuia 10 kW $1wn 2 tedes leoiduiadaouas
nszudlnihfisadanaslfomundun 9 uaz 10 ¥ m
ANERENTINUNAUNT UMINLNFIWSAIT FITZULNER
Wi momasuaiafinduuia 10 kW uaaslu Figure 3

Figure 3

University, Phitsanulok, Thailand.

10 KW PV system at the energy park, School of Renewable Energy Technology (SERT), Naresuan



Vol 37. No 3, May-June 2018

SEmsnasauaziiesasudasnszualninfilel
MINAFOUADLINALLAS 899180932 UUNAA NN G UK
i raaLadaniag (PV array simulator) Elllﬁ'a Chroma
62150H-1000S 1319 15 kKW Lad1aasszuunaalniia

Long term performance of a grid connected inverter under operation conditions

AEWRINMUEIaNAaS il wazludsvneanazde
WAULAT893188932UUS1AUNE (grid simulator) B%a
Chroma 61860 111@ 60 kW tNa318a95suUTmUne
Fadmas Wi duazanaan (P/P_uazP /P ) ANy
1 |
anatauaztiuiind1lay Chroma 66204 digital power
- 4 4 a
meter FA1ANVANIALARAN +0.1% lapinIaddanas
& . = o
qﬂnsmua@ﬂu Figure 4 GInInagauazyinmMIinasay
3 320u laonsdSuussdulndantlendn Taoiinua
AwIIe I IHLYINAY 173, 230 waz 284 VDC lagmina
ROUARZATITAIAUAAITNAIIAAN 1 Uay 5% Vaidn

- -

351

a9 s8N AT IR aINTTLE AN waINn
B MIUSUA A A WA RN TUATIRE 5% V8IA1N&9
T Hs100naUNTENIATU 100% VaIenrings K
i o A . e

2aNVBILAIBILYAINTEUF WA AN M Inasey & mSums
nagauluudarasiacitnsiuwina ussdw Wi
w39GwINH10an anszuaind waziasinda Tay
o L= g a = I3 a t!l o
mstuiindnn 10 3w# e 5 wif wazilarinne
WaswszduaIids Wi lunisnasavusazasiazlw
39 UaanTzua AN una liveundn 5 wif
Ve IR AT aanIsus A i wlugnzasNnan
maduiindn Gedriivinnisasaiaussiuiinazgnin
a I a a ~ o P
AR T RNTA NI ILU AINTERF W LU T
dortnzuusnrineluszaze

(PR R LR

v
§

Figure 4 PV array simulator, grid simulator and digital power meter

3Lﬂi’l$‘i§ﬂaﬂ'\‘iﬂﬂaa\‘]
HAIINNNINARBIND I 8N T ATIE YN
Useansnmnaasiaiesudasnszudlniuuuidoudedn
Auszuuminefriumslnuuuiissaunsanlnin
Atlowdindy 173, 230 uaz 284 VDC WUINAUIIG
"LWW'nnanléﬁLﬂ%aaLLflJaaﬂi:LLaVLWW'mﬁﬂs:%ﬂ%mwgm
Arnaslninaneaniniy 0 — 40% wasfiussdwlninmn
Lﬁwgam‘%aaLLﬁJaanizLL@"LWWW:ﬁaJi:%ﬂ%mwga Afnas

lWfanaaninin 40 — 100% usasly Figure 5 lagfi
SEEULTITUINTLYN AL 173 VDC 1adasutasnszuawi
fltlazAnEnmwgegalyiniu 88.98 Uz 89.94% fnSueia
wiaanszualWinilgonuan 9 uas 10 3 anudeu Aifnas
WHnaneanwiniy 25% AszauussdupEn 230 VDC
ﬂi:"&ﬂ%mwmaam"‘%aaLLﬂmﬂi:LLa"LWW’]goq@whﬁu 88.03
wae 88.97% &miutasasudasnszualnindildsuan
9 uaz 10 U ewdeu ArnasiWinaneanwiriu 35 uas



352

Chatchai Sirisamphanwong et al.

25% WATNIZALLIIAULITN 284 VDC LATaILURINTILE
Wi fidszanTangefigavinfiu 87.89 uaz 88.06%
ansuraIodntasnseus Wil nlgnuwen 9 waz 10 T anw

95.0
93.0
91.0
89.0
87.0
85.0
83.0
81.0
79.0
77.0
75.0

Inverter Efficiency

73.0
71.0
69.0
67.0

65.0

20 25 30 35 40

45

J Sci Technol MSU

feu Afaslnihanaenyindy 50% uaadls Figure 5 &3
mn"ﬁayjawud']m%aamJaaﬂszua"l,wﬁw:ﬁﬂiz?m%mw
gagafinszuaindnyszanm 6 ADC

50 55 60 65 70

75

80 8 90 95 100

Output Power/Rated Power (%)

=10 years old grid connected inverter (284V)
—10 years old grid connected inverter (230V)
—10 years old grid connected inverter (173V)
—New grid connected inverter

=== 9 years old grid connected inverter (284V)
=== 9 years old grid connected inverter (230V)
===9 years old grid connected inverter (173V)

Figure 5 The efficiency of the 9 years old and 10 years old grid connected inverter with testing voltage at 173, 230

and 281 VDC

v U dl R dl 1 Qs

mﬂ"ua;&awm%mauLLﬂaoﬂizLLa"le\Immmmu
TWdNNTaud6n ganalilszansainaasiaIasntad
ﬂi:LLﬁ"lW‘Wﬁgdﬁﬁ’]é’dvlwﬁﬂmaaﬂ@‘mm:ﬂ‘sxaﬂ%mwmm
3l adnTzus Az anaIndsan U=’ TA TN
"Lﬂgaq@ LLaxwaawﬂmﬁLﬂﬁ:ﬁ%gaﬁvlﬁmﬂmimaau
mm*magﬂ"l,ﬁ'j'ms:uavlvdﬁwﬁﬂam‘?j’ﬂﬁﬁmﬂ%mLLﬁJaa
LA AN fanalasaisal e anTnniaIaIulaInIsus
A e nszug Wi Nlandndiunnnin 6 ADC ua
La99nY s ENTA WY aILaIaLlaIn TR INHNAInnan

Ao v A < o a v o o &
ma:m;dNamLﬂum{lmmmamnmﬂﬂﬂwwm AR
ae X2 o ~ P a a "
NIRRT ousulsiEnInwaasaIadulas
Ny NI slEwanannsuiueIadlnai Nl
lalfnu Walszinn1sanadraidszansnInaa a3
wUaanszua WG suaaslu Figure 6 1umadIoufiou
Uz ANTAWLATaIu 89N s U AR HINATLIIN T
Il S‘Eamﬂgﬂwudﬂﬂixaﬂ’ﬁmwLﬂ%@dLLﬂadﬂS:LLa
Wi Aldsuwezldszininwanasadslisudmay lag
39wl aanzus WA NSl uaI w9 waz 10
= a A o' 1 dl -dluz [N] v

wRUszEnTnwdnedaslrungs lienwnsldan lay

e EnTnWgIgaLYini 87.95 uaz 88.71% AfaI W
19NN 35 Uaz 30% Iyt insasutasnszus Wi
lwﬂﬁﬂﬁxaw%mwgaq@mﬂﬁu 91.99% N&IIWH188n
WA 62.82% wananitaIadntasnszua i lntd
‘ﬂs:aﬂ%mwgaq@ﬁmma‘lﬂﬁwn'ﬂwwhﬁ'u 10.4 ADC

A o a & a A
LLa:LuammﬁmemmigzyLasluLﬂsaaLLﬂaaﬂizLLa
IWihuuu@asdaniuszuudnneing snunsautaanin
2 ngu ngauIndangadnfiieiuluginniniuguus:
FTULLRAINAA 9 L% 90UaaINa LCD uazlWdyams
LED udu ngufizeaidunsgyidsiiiaainainy
ﬁwumulm:uumumﬁﬁﬂw“ﬂwgaq@, qﬂmtﬁéf@@ia
Iiuazdnsadwih Ssmsgadsfifielueziianuuan
danwannIzua Wi nawdnuaz lWiv1aan lasdné
. 4 e da X 4 4 2
mmsgtyLawaﬂmﬂmumamiaaLLﬂaam:LLa"I,Wﬁwnu
o =2 A a ) A A a
Mawantsdssintawgsgaidunsgyiisfiiaan
anusumumelu doneisanansaasdldhmguise
A X 4 - .
MAednluiaIasuntainszus i AaanaNEIwNIG
meolwdunran



Vol 37. No 3, May-June 2018

®
»
=}

-
©
=}

Inverter Efficiency
~ [oo]
~ [us
o o

15 20 25 30 35 40

Long term performance of a grid connected inverter under operation conditions

45

353

95

50 55 60 65 70 75 80 85 90 100

Output Power/Rated Power (%)

""" 10 years old grid connected inverter

=== 9 years old grid connected inverter

—New grid connected inverter

Figure 6 The average input voltage grid connected inverter efficiency curve of the new and 9 years old and 10 years

old grid connected inverters

NnuaMAsEnUInesasulasnssud Wi inm
ﬂ’]ﬂ%ﬂ’]uuﬁ’)ﬁ]uﬁ@m’]ig*ﬁyL%El&l’mﬂ’j’]m%'a\‘lLLﬂadﬂizLL’ﬁ
i lnaidslaiinumsldnuannen Gsanuuanesas
UszansnmadasutasnszualWiiuuuidend i
suUSmnsRaasuaslfuunlitesnin 9 uas 10 1
AuiedasudasnszualwWinlna g liinunnsldanuuans
144 Figure 7 %aawngﬂ%wudwmwLL@m@i’m“uadﬂsz%w%mw
Lﬂ%‘adLLﬂadﬂizLLﬁvLW‘W’lﬁﬁ’]LﬂaﬂuLLﬂadagiz‘lﬁ’j’N 2.65 f19
12.60% dwmuiadosutanszualuiiaaasuasldom
ulaifasnin 9 9 uaziedasudasnszualwihidadauas
I laitesnin 10 U dszansnmedoutainseus
Vlvxlﬁ%ﬂﬁmuuﬂaoagiwha 1.53 119 11.11% CRERRLLET!
VI,@T’hmmmLmn@hwaamsgz’yLﬁwadt.ﬂ‘%aal,l,ﬂmmum
i lusewinsldnuszuudenstosann Gsanuuandis

maamigmLﬁmﬁ@mﬂamwmadqﬂﬂmﬁf@m6] 2pILAIDI
wUaInIzualndn Vl,sjdwzl,ﬂuqﬂmtﬁmuquLLazizuu
a o L e @
LRAINATDILATDILURINTTUF WA LU UL TaN G aL T Ny
FUUIIMINUNAANILAZHIUMTITINUNIWINATT 9 LA
10 1) FIFINR AT IEWFINWINA AT LA NAN TS
W00 100% FraNuwaNAIUaIUTERNTAIWLATDS
LLﬂaaﬂszLLaVLW*Nwzﬁ@hLﬂﬁﬂuuﬂaqag’ﬂizmm 4.00%
#0133k 180.84 W HI811130U8N EI1ANNLANEN
289U3EENTAIWLAANANIIFYLFIIINANUA UMY
4 - 4 . 4

mealu mm@mﬂmsmauamwmaaqﬂﬂimmzﬂ,umiaa
waInTeua Wi LU T NdaNAUST UL MmN e Usznay
éﬁmzuumumﬁwé’avlwﬁ']gaq@, qﬂmtﬁé’mia%lﬂmaz
ﬁ?ﬂiﬂﬂﬂﬁ’], (Insulated - Gate Bipolar Transistor, IGBT),
wifautaalnih, choke uazdifivdszylnih udu



354

Chatchai Sirisamphanwong et al. J Sci Technol MSU

14.0
13.0

12.0

10.0
9.0
8.0
7.0

6.0

Inverter Efficiency

5.0 R e e e T T T R s i s S

4.0 \ ; S
50 R T T T e -

2.0 . -

1.0

0.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

90 95 100
Output Power/Rated Power (%)

------ 10 years old grid connected inverter ===9 years old grid connected inverter

Figure 7 The different efficiency of the new and 9 years old and 10 years old grid connected inverters

WarnMTIATR N WIUSEENTMNYe AT 87.16 LAY 86.47% ANAIGU WarlTeANTATWHI CEC

anutasasndainszus AN ln i dewinnu 91.14% uas

La309utaInszua Wi il e ldkasnin

wladnTzus iuuuandadn sz UL aNAaaIuas
I uunanduian 9 waz 10 7 waziadasnlainseus
Wi fgalddunsldsu laglauasgiulunisnidn

9 uazr 10 U ¥inNu 87.41 WAy 86.83% GNNAGL L8
Uszansanaediniosutasnszualiin 2 daude

ATIZRNNTAARIVBIUTEENTANUBILATOILURINTILR
419337% European (Euro) kas 419337% Californian

energy efficiency (CEC) T491MNANITILATIZANLIN
Ursntmwaanisudainszug Wihanaanasgu CEC

FINTUIEENTAIWANNIATIIH Euro NILATRILUAS

T lnduaziduwmsldouanusaliteandt 9 usz 10
T Ny 4.00 uaz 3.31% §WTLNIAIZIH Euro wazdIniy
¥1A331% CEC Hdaniiaasizeddiz@nininiaies

WU aINTUR MATALYINAY 4.31 Uaz 3.72% waztiladaings
nyzus Wi langsliiiumslfnuwaznaaasuazldnm . n1TaaasvasdszaniawaIasutadnssua iWie ol
e ladssdntnwedosudssnssugiuuu@en & mSuanasgiu Euro uasunasgw CEC iy 0.384
L e e o . o A o N a
@8L1NUITUUIIRUNMINNIATIIN Euro §1IULATRY  UAZ 0.422% dal @ud1al TITN8azlauan1Inaadued

wtainTeua i lniuasasasudasnssugWinnmdums  deedintawedasudainszualwiuaadli Figure 8

I unualidasnin 9 war 10 ¥ JewvinAy 90.47,



Vol 37. No 3, May-June 2018 Long term performance of a grid connected inverter under operation conditions 355

93.0
92.0
91.0
90.0
89.0
88.0
87.0

Efficiency

86.0
85.0
84.0
83.0
82.0
81.0
80.0

91.14
90.47

87.16 87.41

86.47 v

Euro efficiency CEC efficiency

B New grid connected inverter 9 years old grid connected inverter B 10 years old grid connected inverter

Figure 8 The Euro and CEC efficiency of the new and 9 years old and 10 years old grid conncted inverters

d o ¥ o a & A o a a a .
Lﬁammayam‘mmﬁme:mﬁamawmimi ﬁ’]ﬂi‘UﬂizﬁﬂﬁﬂWW@]'ﬂl&I'}@]igW% Euro LLE"(@GSL‘H; Figure 9

aaadvaddszEnTaintaIasndasnszualuia wuqn s’?jamiaﬂm’nmﬂs:'ﬁﬂ%mwmummpu CEC 3ziidniiay

UszanTninalanlainszuaninazanas 0.58% sall N1 Euro

§FMIVYUIZENTNIWANNNAIIN CEC uaz 0.69% diall

90.0

87.5

85.0

82.5

80.0

1.5

Inverter Efficiency

75.0

72.5

70.0

=o—Euro =+—CEC

y =-0.58X + 88.57

y =-0.69X + 88.54

9 10 11 12 13 14 15
Year

Figure 9 The decline in The Euro and CEC efficiency of grid connected inverters



356 Chatchai Sirisamphanwong et al.

d3duanisnaaag

nnuamasauialszfindssansawluszozenives
isssutasnsusg Wi dendadnsuusminofide
FouazlFouunlaitesnin 9 waz 10 ¥ wWisuifisuiy
dasudasnszualwinlwaifissliiwldonn Taavinns
namoufiszauusssulwinfilowdiniu 173, 230 uaz
284 VDC 9 nuannagauwuiniusssulwiandaen
Lﬂ%ladLL‘.L]adﬂizLLﬁVLWW’Iﬁ):fJ‘]J‘RaY]%ﬂ’IWgdﬁﬁ’lfﬁiﬂﬁ’]"ﬂ’]
2ONWYINAL 0 — 40% LLazﬁLmé}’u"LWWW'lLﬁwgaLﬂéaaLLﬂaa
nzudiwihazlvssininings Arnadlninanseniyiniu
40 - 100% lapfissauussduadniyingy 173 VDC 1akas
l,nJaam:LLa"I,W‘Wﬂﬁﬂi:%ﬂ%mwgaq@whﬁ'u 89.94 uaz
88.98% dmsuiniasudasnszualWiilsomen 9 was
10 T anudey Ainaslnianaenwyiniu 25% uasdiszeu
W39e M 230 VDC Uszansawuasiaiesudasnszua
"I,W‘W'lqaqmﬁwﬁu 88.97 Wa 88.03% &niULA3aIulAg
szl Aldauan 9 waz 10 T anwddiu AmasInin
eanwiniy 25 uax 35% uasRsEaULIITHIE 284
vDC LﬂéaaLL‘iJaamzua"tvxlﬁﬂﬁﬂs:ﬁﬂ%mwgaﬁq@wi'lr“fu
88.06 Wax 87.89% dwiuiatasutasnszusinglems
11 9 waz 10 1 mwéney ArasiWiwnesnyinty 50%
wazfal3puifisudszantaniaiasutasnszualni
waganausseulinadn wudlszansninaies
wasnszuglwindiiiunsldnuesdiussansnnanas
atafiiinidy Taondosutasnszualwinfidnsldomu
AW nni 9 uaz 10 1 axfiszansnwdnninedasina
Adslarmmsldn lasfiszAnTnwgsgairiniu 88.71

'
a o o

Uae 87.95% AmasiWihanaanvindy 30 uaz 35% b
mm:ﬁm%aaLL&Jaam:LLa"LWW'fLmiﬁﬂi:ﬁﬂ%mwgaq@
Wiy 91.99% AirnaslWihaneeniyiniu 62.82% S
LAnA19ueslsEanTnwiaiosutasnszualniaden
Lﬂﬁﬂmmmagizwjﬂa 1.53 89 11.11% dmSuiatentas
nszudlnihfiaadnasldomanlitesnin 90 U uazdmsy
dasuaanszudlnihfidedouasldauanlitesnii 10
gl ﬁ@hl,ﬂ?a'ﬂul,l,ﬂaaa%ii:wj'm 2.65 119 12.60% WazaNNT
SlaTd Ul ansaniesssudasnszua i inany
N19337% Euro AANYINAY 90.47, 87.16 uaz 86.47%
gmsuiesoutainszualwihlnsiwasfiduwnsldauan
win livkaendn 9 uaz 10 U anudau uaztszanSnweny
¥1a353"% CEC dmiuiasasudasnszulniinlnaifien
WL 91.14% waziedasutasnszualwihfiiunsldom
ud?liesnin 9 uaz 10 U iy 87.41 uaz 86.83%

J Sci Technol MSU

audey e WnisanasvesdszEninininies
wlasnszuavieatdniuanasgnu Euro Lazanasgn
CEC i1 0.384 uaz 0.422% ¢l auddu e‘famigryl,ﬁﬁ
ﬁLﬁ@‘ﬁmﬁ@mﬂmnﬁawamwmaaqﬂﬂswfm oluin3os
wlasnszualiniiannmagyidsananudiuniu
mulu s'ﬁal,ﬁﬂa'mn'mﬁammwmaaqﬂmnimulum‘%'ao
wasnszudlniuunideudadhiussuusmsinelszney
fpszuumammasinihgge, aunsaldadalniius:
él"miadeWW’l, (Insulated - Gate Bipolar Transistor, IGBT),
wilautaalnih, choke uazdifivszqlnih

naanssnlsznie
omﬁ%’Uﬁi@ﬁunqu%umﬁﬁymﬂuwﬁwmé’m
w2y dezdnteudszan 2559 URZVDVALARINIUAE
RN TN TN I UNAUNT URITININFILTAIT
nnvi’mlumsaﬁuaguﬁagmmzﬁmuzﬁwﬁLﬂuﬂsziymﬁ
daNaiﬁqm’fﬁﬂﬁﬁ’]L‘%ﬁ]@ﬁmvlﬂvlﬁﬁwﬁ

1@anaN3919d9

1. NINRAWIWASNUNAUNULAZEUNENTINH NTZNTN
Wi, aTIMITArURUAR NN TN T ULES
21fiad 1ndayannfisuimivdsinalng

2. MUNWAIWINRIBULRIONAAES NIUNAUINEIIY
NAUNY UAZAYINHNAIIU: 2557.

3. Weimin W, XiaoLi W, Pan G, Tianhao T. Efficiency
analysis for three phase gird-tied PV inverter. 2008
IEEE international conference on industrial technology
(IEEE ICIT 2008), 2008 IEEE; 2008. p. 1-5.

4. Massimo V, Alin R, Dezso S, Remus T. PV inverter
test setup for European efficiency, static and
dynamic MPPT efficiency evaluation. 11th Interna-
tional conference on optimization of electrical and
electronic equipment, 2008 (OPTIM 2008), IEEE;
2008. p. 433-438.

5. Notton G, Lazarov V, Stoyanov L. Optimal sizing of
a grid-connected PV system for various PV module
technologies and inclinations, inverter efficiency
characteristics and locations. Renewable Energy
2010;35(2):541-54.

6. Ziya O, Ahmet MH. Energy conversion efficiency of
single-phase transformerless PV inverters. 8th

International conference on Electrical and Electronics



Vol 37. No 3, May-June 2018

10.

1.

12.

13.

Engineering, 2013 (ELECO 2013), IEEE; 2013. p.
283-287.

Bin G, Jason D, Jih-Sheng L, Chien-Liang C,
Thomas L, Baifeng C. High reliability and efficiency
single-phase transformerless inverter for grid-
connected photovoltaic systems. IEEE Trans Power
Electron 2013;28(5):2235-45.

Rampinelli GA, Krenzinger A, ChenloRomero F.
Mathematical models for efficiency of inverters used
in grid connected photovoltaic systems. Renew
Sustain Energy Rev 2014;34:578-87.

Xavier C, Guillermo V, Jordi de la H, Helena M.
Contribution to the PV-to-inverter sizing ratio
determination using a custom flexible experimental
setup. Appl Energy 2015;149:35-45.

David P, Martin KP. Effect of tariffs on the perfor-
mance and economic benefits of PV-coupled battery
systems. Appl Energy 2016;164:175-87.

Achitpon S, Wattanapong R, Nipon K, Suchart Y.
Performance evaluation of a 10 kWp PV power
system prototype for isolated building in Thailand.
Renewable Energy 2010;32(2):1288-00.

George M, Bastian Z, George EG, Markus S, Jurgen
HW. Outdoor efficiency of different photovoltaic
system installed in Cyprus and Germany. 33rd
Photovoltaic Specialists Conference, 2008 (PVSC
‘08), IEEE; 2008. p. 1-6.

Mun“oz J, Marti'nez-Moreno F, Lorenzo E. On-site
characterisation and energy efficiency of grid-
connected PV inverters. Prog. Photovolt: Res. Appl
2011;19:192-01.

14. Amnaj C, Nipon K, Kobsak S, Sarayooth V. Evaluation

15.

16.

of PV generator performance and energy supplied
fraction of the 120 kWp PV microgrid system in
Thailand. Energy Proc 2011;9:117-27

Amnaj C, Nipon K. PV Generator performance
evaluation and load analysis of the PV microgrid
system in Thailand. Procedia Eng 2012;32:384-91.
Maciej P, Witold M. Report on efficiency of
field-installed PV-inverter with focus on radiation
variability. Proceedings of the 20th International

Conference on Mixed Design of Integrated Circuits

Long term performance of a grid connected inverter under operation conditions 357

and Systems, 2013 (MIXDES 2013), IEEE; 2013. p.
440-43.

17. International Electrotechnical Commission, IEC. IEC
61683:1999 Photovoltaic systems - Power condition-

ers - Procedure for measuring efficiency, IEC; 1999.



Awuraualy

UsnfiBenanaladuuuiSauaaiynekenaly

Generalized Ordinary Smooth Topological Spaces

a 6 A 1 =1 o A y{ovdznnug 2%
AFANIUG WUNT @Em l‘gf].]u?fﬁli , AITUUN ANNNAT, NAGFANG LLaﬂq5$
Sasikarn Pimpa', Daruni Boonchari’, Jeeranunt Khampakdee?®, Kittisak Saengsura®

Received: 4 August 2017 ; Accepted: 28 November 2017

UNAALD

Tuunewit Li’]VL@TLLuzﬁ'lmsmaﬁfslﬁavlﬂﬁm%fuﬂ‘%gﬁL?jdmwaIaﬁuum%sumi@ %omﬁm’hﬂ%gﬁt‘%wawaia's’n,mu
SuuadTg il LLa:ﬁﬂH’]ﬁwﬁaﬂ’ldﬂi:ﬂﬂiuuﬂ%gflL‘?N‘Yla‘wBIE‘I?JLLUUL%EIUN’IﬁI}JU’J'NﬁEJﬁL’JVLﬁ iU @GNS
Uaaga éf'a@‘hLﬁumsmﬂluLLa:ﬂawm@iaLﬁaamaaﬂoﬁ%uuuﬂ’%gﬁﬁma’n

ardan: Yigidmenaladineiomly BigfidmeneladuvuiSsusmiiy YiglidmenaladuuuiSsumiynay
et

Abstract
In this paper, we introduce the concept of generalization for ordinary smooth topological space which we call a
generalized ordinary smooth topological space and we also study some properties of such space, for instance, closure

operator, interior operator and continuity.

Keywords: Generalized topological spaces, Ordinary smooth topological spaces, Generalized ordinary smooth

topological spaces.

Introduction and Preliminaries X)= =1
(AnB) = w{d)n r(B) forall 4 B g 2%,
T(Uperds) = Apertid,) forall {41 c 2%,

where 2% is the powerset of X and [ is a closed

The concepts of a generalized topology on ¥ was first
introduced by Csa’sza’r in as a subset u of P(X7 with the

properties':

1. Depn,

2. Uigueupforal y;epandiel =a.

The pair (X, 1) is called a generalized topological
space and ¥ is called a generalized topology (briefly &T').

In the paper introduced the concepts of ordinary

interval [0,1].

The pair (X,T) is called an ordinary smooth
topological space (briefly, osts).

In the paper defined an ordinary smooth closure

and an ordinary smooth interior in (X,7) and gave the

smooth topology on X as a mapping T: 2% = I with the characterizations of ordinary smooth closure and ordinary

properties’: smooth interior’.
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In this paper, we define the space which generalizes the
generalized topology on X, we call a generalized ordinary
smooth topological space and we also study some
properties on such space and continuous maps between

the ordinary smooth topological spaces.

Results

In this section, we define a generalized ordinary
smooth topological space and give an analogue of
generalized ordinary smooth topological space as the result.

Definition 1.1. Let X be a nonempty set. Then
a mapping p: 2¥ — ] is called a generalized ordinary
smooth topology (briefly gost) on X if i satisfies the
following axioms:

ul@ =1

U erde) = Ageritlda) foran 1423 S 2%

where 2% is the powerset of X and [ is a closed
interval [0,1].

The pair (X,u) is called a generalized ordinary
smooth topological space (briefly gosts). We will denote
the set of all gosts on X by GOST(X).

Example 1.2. Let X = {g, b,c}. We define the

mapping u: 2% — I as follows: Let 4 € 27,
1, if A=0;
0.8, if A=XorA=1{bc}
wldl =408, if 4=1{a}
10.5, it A=1{b}or{a bl
0.4, if A={clor{a,ch

Then & & GOST(X)

The operators on X which is induced by the
generalized ordinary topologies i are defined as follows:

Definition 1.3. Let (X, 1) be a gosts and let
A € 2% Then the generalized ordinary smooth closure
and generalized ordinary smooth interior of 4 in X are
defined by

A=N{F €2%: ACF and u(F°) > 0}

and

A= e2¥: VS Aand u(U) = 0},

respectively.

Example 1.4. From Example 1.2 and let
A=1a,clThen

A*=U{u €2% : U c{a,c}and p(l) = 0}

= U{o, {a}l{c}{a c}}

={a,c}
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and
A=N{F €2%:{a,c} CFand u(F<) > 0}
=N{x.{a c}}

={a,c}.

The following propositions are the properties of
gosts

Proposition 1.5. Let (X, T) be a 9955 and let
A B € 2% Then:

If A € B, then A* S B and 4 C E.

(4%)° = ¢,

."J]: — L'F}E

A= (4

@)=

Proof. (1) Obvious.

(2) For any 4 € 2% we have that

(A)=(Uv e2®:Uvcdandpu(l) =

01)° = N{Us €2% : 45 C U and p(U°) =

0} =4A°

The proof of (3), (4) and (5) are easily obtained
from (2).

Proposition 1.6. Let (X, T} be a gasts and let
A B € 2% Then:

ATC A

{_.'J] J}:I — A:I.

(AnB)rc A n B~

Proof. (1) Obvious.

(2) For each 4 £ 2%, using (1), we have that
{A°)" < A" Since

(Ar=UU €2%: p(U) >0and U

AM=U e2f: p(IN =0andl C

W 2% p(W) =0and WC A}} 2

W e2%: p(U) =0and U S A} = A°

then (4°)° = 4"
(c)SinceANBcZ AandANEBECE, (ANE)"c A%and
(AnB)*C B Thus (ANE)°*C 4°n B~

Proposition 1.7. Let {:X.l T} be a §25t5 and let
A B € 2%. Then:

Proof. The proofs are similar to that of Proposi-
tion 1.6.
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Definition 1.8. Let {X, ) be a gosts, r € I and
A £ 2% Then we define 4, and 4 by

A, =N{F €2% : ACF and u(F°) = r}

and

A=V 2 : U c Aand u(U) =1},

respectively.

We called A_,, a generalized ordinary smooth r-
ravel closure and A; a generalized ordinary smooth r-
ravel interior.

Then the following results are obtained:

Proposition 1.9. Let (X, T) be a gosts and let
A€ 2% Then:

If u{A) = 0, then 4 = A"

If u(A%) >0, then 4 = A.

If there is 7" € Iy such that A = 4,, then 4 = A.

If there is T € Iy such that 4 = A2, then A4 = A",

Proof. (1) Let u(4) = 0. Then

Ae{U e2®:Ucdand p(U) =0}, so

Acfr e2¥: Uc dand u(ll) = 0},

thus 4 < A"

Therefore 4 = A°.

(2) Let u(A4%) = 0. Then A° = (47",

so A=A 1 cA=4
_ (3) Assume that ™ € I such that A = 4,. Since
A=F €2* :ACFandpu(F*) =0} C
N{F €2¥:ACFandu(F)=+}=4,=4, ACA
So 4 = A.

(4) Assume that r £ [ such that A = A;. Since
plA) = p(UV 2% p(U) 2rand V C
A=Ay e2¥ ) =randV C
AD=r=0
So
ArefU €2 :p(U) = 0andU c 42} C
DU e2¥:pu)>0andlU S A} =A" .

Thus 4 = A2 C A°C A. Therefore A = A°.

, ulAr) = 0.

2. Generalized ordinary smooth continuity

In this section, we defined a continuous mapping
on generalized ordinary smooth topological spaces as
follows:

Definition 2.1 Let (X, 1) and (Y, 12) be gosts's,
Then a mapping f: X —= Y is said to be:

A generalized ordinary smooth continuous
(briefly gos — continuous) if #2(A) = w1 (F71(4)) for
all A € 2%,

J Sci Technol MSU

A generalized ordinary weakly smooth continu-
ous (briefly gows — continuous) if for each 4 € 27,
pa(A) = 0= py(F14) = 0.

Example 2.2. Let X = {a, b,c}. We define two

mapping as follows: For each (7, D € 2%,

1, if €=
w01 = {1, ifC=XorC=1{bclorC ={ak

otherwise,
M D) = {

L

if D =g;
,if D=XorD={bc}orD ={ak

otherwise.

[=T N T

and
Cleary, the identity mapping id: (X, u2) = (X, 1) is
gows — continuous, but id is not gos — continuous.

The following results are obtained that:

Corollary 2.3. Let (X,;1) and (Y, u2) be gosts's
and leta mapping f: X = ¥. Then: [ is gos — continuous
iff 1, (A°) = py (F1(4%) ) forall A €2¥. [ is
gows — continuous iff #;(4%) = 0= uy (F1(4°)) = 0
for all 4 € 2¥.

Proposition 2.4. Let (X, ) and (¥, u2) be

§0osts's and let a mapping f: X = ¥ be

gows — continuous. Then:

f(zj c }@ for all 4 € 2%,

FHB) c FY(B) foran B €27

B e (F74(B)) forall B €27,

Proof. (1) Let A £ 2%. Since

f_l(}ﬁ) = YMF €2¥: u,(Fo) =

Oand FlAJS F})

= N{f~1(F) € 25:F € 27, u,(F°) =
Oand A € F1(F)}

2 N{f~1(F) € 2%:F € 2%,y (F1(F)) >

Oand 4 € f~1(F)}

= o

then 4 & f_l(f(:’l}).

Thus £(3) = 7 (£ (F@)) = 7).

(2) Let B € 2¥, we have f~{(B) € 2%

Then f (F72(B)) € F(F~(B)) B,

s (F7®) = 127 (F7®)) = (B),

(3) Let B € 2¥.

o Then

FHER) = £ B = (F72(8) =
(r2(@))) = @276 -
(r@) = ((r@) )
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so (F1B)) € £1((8)9),
Hence fH(B®) € (}r_j‘:B}:IJ.

The following Corollary is immediate from Defini-
tion 2.1 and Proposition 2.4.

Corollary 2.5. Let (X,41) and (¥, 12) pe
§osts's and let a mapping f: X = ¥ pe

gos — continuous. Then:

@mfor all A € 2%,

FYB)c f‘i{ﬁj forall B €27,

FLE) C(FHB)) for all B € 2F.

The generalized ordinary smooth open map and
generalized ordinary smooth closed map are defined as
follows:

Definition 2.6. Let (X, 11) and (¥, k2) be
gosts's. Then a mapping f: X — ¥ is said to be: a gen-
gos — Gpen) i
1 (A) = pa (F(A) ) forall A € 2% a generalized ordinary
smooth closed (briefly gos — closed)ifty (A%) = o (F(4%))
for all A € 2%

eralized ordinary smooth open (briefly

Example 2.7. Let X = {a, b,c}. We define two

mapping as follows: For each €, D € 2%,

1, if C=@
1
) - ifC=X;
) =141
o if C=1{b,cl;

, otherwise,

and
1, ifD =m0
1
_ =, ifD=2XxX;
po (D) = i
= if D=1{bc}h
a0, otherwise.

Then 1,2 € GOST(X). Consider the identity
mapping id: (X, 1) = (X, o). Then we can see that id
is gos — open and gos — closed.

Then we obtain the following result:

Proposition 2.8. Let (X,1) and (¥, 2) be
gosts's. If [: X =Y is gos — open, then f(4%) € (£(4))
for each A € 2%

Proof. Let A4 £ 2% Since
A =F(U{U €2% : () > 0and U <
A}
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= e2v:u 2%, (V) =
Oand F{I) € F{A)}
c U{Fy e2¥:u e 2%, u,(F(1)) =
Oand F(U) € F(4)}
CIHV e2¥:u, (V) =0and V € F{4)}
= (r)
fla e (rla)”
Definition 2.9. Let (X, ;) and (¥, 1;)be gosts's
. Then a mapping f: X — ¥ is called a generalized ordinary
smooth homeomorphism if f is a bijective and fiftare
generalized ordinary smooth continuous.
Now, we have the relation of generalized ordinary smooth
homeomorphisms, gos — open and §os — closed as follow:
Theorem 2.10. Let (X,u1) and (Y.42) be
gosts's and let f: X =Y be a bijective and [ be
gos — continuous. Then the following statements are
equivalent:
f is generalized ordinary smooth homeomorphism.
f is 905 — open
f is 995 — ciosed-
Proof. (1)=—(2) Assume that f is a generalized ordinary
homeomorphism. Then
p1(A) £ o ((FO7UA) = w2 (F(D). Thus f s
Gos — open.
(2)=>(3) Assume that [ is 905 —open_ Let 4 € 2% we
have w1(A%) = u,(f(4%)). Since f is bijective,
1 (A%) =y (F(4°)). Thus fis gos — closed,
(3)==>(1) Assume that [ is go5 — closed | et A € 2%
- Then p1(4) = po(F(4)) = w2 ((FD71(A)). Thus £

is gos — continuous. Hence [ is a generalized ordinary

smooth

smooth homeomorphism.
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UnAnea
msansinstindaiiia (Ni2) (ﬁ’aUﬂSZU’J%ﬂ’]i@WfﬂJI@UI"ELmauLLa:LLﬂaUﬁﬂ%ﬁJNﬂ’]W@hﬂﬂi:U’J%ﬂﬂS Alkali-Acid
Modification L{#égady I@yﬂaﬁumsgw%’uﬁﬁﬁmiﬁﬂmﬂs:nauﬁ's:J ANuLDuNIA-a9 szoznaEuE uazgunnd
wonaNit lafimseinmnalnmigadu lasvhnsanslelonesa waueaas uazammnamaninisgady Mufions
mU%’ULﬁam%"’ﬁ'mﬂumi%’@nwsi’aqga%’wé’amumi@@ﬁfj'u

wamsﬁﬂmwuhama:ﬁmm:amiami@@%'uﬁaﬁ pH 5 328 IRFUNE 60 W17l AT uas i B
LLa:qm%Qﬁﬁmmzawﬁ 30 avFnLTaLT s s’féﬂuama:ﬁaﬂﬁi’nﬂfammmsnhms@@sﬁ'ﬂmaaLmammumau AUFuanw
§9§A 2.80 uaz 3.20 Uadnwudeday muaau LL@:Lfiaﬁmamiﬁnmila%’ymﬁnmnavl,nmig@sffuwmw lolmnas
MI9aTUROAARDINUANNNT Langmuir Lﬂumsgwﬁmmu%mﬁm UM aATMIaTUsaaAdadniu Pseudo-Second-Order
f'ﬁaLLﬁﬂdiﬁLﬁudwﬁ%u@auiumsﬁmumé’mwﬁwaamsgw%’uﬁuagﬁuﬂﬁﬁ%mms@@%'umdmﬁ UiAsenfifatusansn
Aedwldias uaziduljisenanaainuian (Exothermic Reaction) HRINMIANEBINFANSFUNDIUNALAULNALT
UsuamnlssinsanndUssansnmwnnsensdudaudnadn ﬂiz?m%mwmimUﬁ‘fj'ugaq@ﬁmmL“}T;Jiumadﬂmvlu@%ﬂ
ANMILTNTH 1.5 Tuans Faiied 22.99%, 29.19% anudeu NNMIANIMIMEFUTRgUAINNHIUNITRaTUAITIN
luisnavagtaeadoidiasnndszansanwnseadudoudnsdvnlidsnadodosowaadonldios

[

Ada: unay unaufidTuanw ﬂ’]‘i@@]%ﬂ wAa

3

Abstract

This research studied adsorption of Nickel (Ni**) by rice husk and modified rice husk by the Alkali-Acid Modification.
The adsorption factors studied were the acid — base , contact time and temperature. Moreover, we studied adsorption
in isotherm thermodynamics, kinetics and also desorption.

The optimum condition for adsorption was pH 5 with a contact time of 60 minutes and the initial concentration
of Nickel was 50 mg/I of 30°C, in which conditions, the adsorption capacity was 2.80 and 3.20 milligrams per liter,
respectively. The results of the study conducted by the mechanism of adsorption isotherms that's match with the
Langmuir equation, the adsorption of monolayer, Kinetic match to Pseudo Second Order Reaction to absorption the
second stage, get diffusion within the pores volume and equilibrium. Reaction can occur by itself. That's an
Exothermic Reaction. The results of the desorption study showed that rice husk and modified rice husk perform the
desorption when the concentration of nitric acid solution of 1.5 M is 22.99% and 29.19% respectively. After the study

of desorption, material should be safely landfiled because of its low effect on the environment.

Keywords: rice husk, modified rice husk, adsorption, nickel

" AFaszaulSygnln wé’ngmmﬂZu[ﬂﬁﬁam@a”ay, AR IS INUREN SWENSAaRT AN INENS BN I

23 919738, ANKZEIINSRDUURZNINENNIAENS U INENSUMIFITAIN

' Master Degree’s Student, Faculty of Environment and Resource Studies, Mahasarakham University, Kantharawichai District, Maha
Sarakham, 44150, Thailand. Max.nitit@gmail.com

23  ecturer, Faculty of Environment and Resource Studies, Mahasarakham University, Kantharawichai District, Maha Sarakham, 44150,

Thailand. panjai@msu.ac.th



364 Nitit Namcharee et al.

UNKI

Totulafimahlanendnainlfadanhnlasan:
au'w@laﬁl,ﬁaﬁﬁﬁﬂﬁ‘luq@a’mmsumma@LLummaé
FUALAT WazgamnnINTLlan:' Watimssinanldloma
ﬁIa%:%ﬁn%ﬂmﬁauaagﬁsmmaﬁa:ﬁmﬂ%u lag
mmg’mﬁ']ﬁamn‘[samuqcﬂammmm&rgmlﬁﬁﬁl,ﬁaﬂu
Wowuniuiudslaiifin 1 Saan3udedas® HansENLVed
ﬁLﬁaﬁﬁdaqmnwwﬁﬁamﬁ@Lﬁyuwé’mm:éa%ﬁ Mliiia
anyfauUn@lunszanuas ludunds vhlddeadniauuas
LFEEI0 b8° NNNANTENLAING TNINNeEasuazinIde
FIBNNNEN BN UTiEr A EMsTTesnsaInan G93%
MR lEARaENIUNIAANY 1T% MIANanawmLad
NMINITBIUVUNBNRY Lwiéfaﬂ%wﬂszmmﬁga f1ATLIW
5wt ekt mu’lmﬁaﬁ%ﬁ'ﬁnﬁ@@]ﬁu iasann liflanusudon
wazdwdemaJia lunmsgadu lunwdsegidulatinng
IfunavuazunaviSusnnlasldlndonlaasenlad
ufunsedainlasfianuiouiudisa fRzederlt
Lﬁﬂﬂﬁﬁ%mmama’%?\ll,ﬂ%'w,ﬂuﬂfmﬂﬁﬂuﬂa;mﬂa%'uﬁuaa
°uaﬂaman%alﬁlﬂmﬁuan?ﬁﬁmﬁ"aLﬁwﬂszﬁ;aﬂﬁﬁu
aq la yluﬁumaumsﬁﬂm;ﬁﬁ gldvinmsfinuniladaangg
W% AT WNIN-G19 TEULIARNNE AULTUTHULAS
qmmﬂﬁﬁﬁwa@iaﬂﬁ@@sﬁu ovhanasunslelmmnady
sauran’d gunwasaa’ uazlalinifnsnisanody
LﬁamLmeﬂuﬂﬁfiT@]msﬁuﬁ'ﬁ@ﬁé’omsgw}‘fu Aanzay

aunsatuazisns
N3LAILNUNAL
MIAIBNLNALYIN A la M Tuna U EIa
Wnaw LLa:ﬁwVLﬂauﬁqmﬁqﬁ 105°C 1lwm 24 52lag
LL&TQ%ﬂﬂﬁLﬁﬂﬂﬂ@@mm%uﬁﬂmiwLLa:s'amhu
ATUNIILUBT 60 (500 lunsan) uaz 35 (250 luasawn) an
s lUfvlwnaueASiDasiniiatlosiuwanu s

MsassasnauflTusa LA

mseRsuunaufivTuanwmaadinldlasns
wunauuusly NaOH 0.2 M 4 das udvin e
A7UL3238Y 150 Yaudawf ﬁqmﬁgﬁﬁaa (25°C+2) 1T
e 2 $alug @‘T’smﬂ%aawmmuquqmﬁgﬁ Aalimiladn
Mniwhand s gianauauannuunsa-ansveatin
AraunaawinAuinngs vinnisnsesuazsinlueud
gounil 80 aveniaaLBoa (uan 24 flug ihimggady

'
A

AUMITUSUENINGRE NaOH walunsadasnanudats

J Sci Technol MSU

1 M ludaman 1 : 7 (30 88aa3) i ldwenaae
AMNLT2 200 saudawf ﬁqm%gﬁ 150 adFLTALTR
Huaan 4 52109 1nTiand e Snduandinm
[Hunsa-arspasinfidunnsarerindusiings wazsily
auﬁqmmﬁ 105°C 1lwaan 24 $2lu9 Finmsuauasias
HUAZUNIILUBS 60 (500 tunsan) WAz 35 (250 lunTam)
Aulunmus A Taainiaiasiuanudue

nsdnsquanifzasiaaaasy

ausudavasunavuazunavdTuanwidunis
ﬁﬂmé'm:rm:ﬁuﬁﬁamaﬁaqgm%’uﬁ’;ﬁﬂﬁaaﬁ;amiﬂﬁuun
§94N71@ (Scanning Electron Micro-scope; SEM) Lag
Lﬂ‘%‘ad Surface Area Analyzer (BET) ﬁﬁa Bel-Japan ju
Bel Sorp moni Il Awanzriasntsznavlasandonanms
BouusidEndnie X-ray Diffracto-meter (XRD) 3LA312%
@li’maaum‘jﬂdﬁfﬂﬂﬂlﬁﬂéad Fourier Transform Infrared
Spectrophotometer (FT-IR) ju Tensor 27 JATLRVIG
VOITWIU IFUHGUINANS LLaﬁﬂ%NﬁMEW?%L%gﬂIﬂUIﬁ/
Lﬂ‘%‘ad BET Surface Area Pore Size and Pore Volume

Distribution Analyzer 8%a Bel-Japan ju Bel Sorp mini Il

aeSsainAedsiae

Fotiniia (1) lwase tanazlainsa 4.95 n3u 97N
sadninauldiiUsanas 1,000 Sadaas laoluasazany
fintfia 1 Ja8aay zdfnAavinny 1 JadnSudaday
wssuligmsuidenaieltlunmsdneniladoing

Anwiladafimanzandanisgaty

muﬁﬁﬂf’:ﬁwmiﬁnmﬂﬁﬂﬁmmzamiamig@%’u
Tugduuunisnaaasuuun: lapdadsmigady fivnms
Anwilsznaudls @1 pH (2-7) seazia§uAs (0, 5, 10,
15, 30, 60, 120, 240, 360) ANNLTUTHVDIFITRZA BN
(5udu (5, 10, 25, 50, 100 IaaNTuF0EAT) laglunsga
FultunaviazunauUSugsnwmngy 250-500 lunsan
ﬂ'%mméhgw%’uﬁi%mﬁﬁu 5 N3UAORAT LazANLIITOU
lumsenyinny 150 Jeudauwnd maawauﬁmums@@sﬁ’u
ZYNNTBIGIUNTZATBNTEY Whatman No.42 vinns
SJLﬂi’lzﬁﬁ’mLﬂéad Atomic Absorption spectrophotometer
(AAS) ﬁﬁa Shimadzu aa-6200 mimaaaﬁmimuqu
ﬂa%’yﬁﬁﬂmiﬂUmsﬁmummmuqu (Blank) Waz¥innny
maaaﬁfn 3 ﬂ%ﬂ (Triplicate Experiments) @MaNNLTNT%
ﬁ"’?Lﬂﬁzﬂﬁa:gm‘inmmﬂs:ﬁw%mwmsgw%’uhm‘hmm



Vol 37. No 3, May-June 2018

WIuazNIRaTUTIFINNTA 1

%Removal = C, — C; x 100 (1)
Ci
e C = anuduTuEuduveslavzwin (Haaniu
Aa8aT)
c = anuuduanaavaslarznin (Iadnsu
fAa8aT)

dnwlalmnasuvasmsaadu

lumsdnmlelonesumsgaduidunsiing
m3dneildannsdnsnavesdin Tt e s
m‘m:mmﬁﬁm’%m‘fuuazqm%gﬁ Wvinsine lag
sumsfisanfnsndsznauday lelninesumsgaduves
uaailes (Langmuir Adsorption Isotherm) lalmnasu
ﬂﬁig}@%‘ﬂ‘ﬂa\‘i Wﬁ;u?l‘?j (Freudlich Adsorption Isotherm)
lolmnasunisgadurasnufiu (Temkin Isotherm) uaz
lolmnasunsgaduvasanidusa-3, (Harkins-Jura Iso-
therm)

gunisuuudnaedleloinasunisgaduves
LLa\‘iLﬁﬂ‘féf%aﬁawagagmaumimigm%’waaLLaaLﬁmf‘
ﬁaw?@mﬁdﬂwLaqa°11adﬁagﬂ@@%‘m:ﬁ@ms@m%’uuu
ﬁﬂm‘hLmu',a‘ﬁLLu'.uaumaaé’a@@%‘uu@iaﬂmaqa‘naaﬁa
QATULAANTAATULWAILLY FWiden wazdzaunis

U U
'
s =

MENNITN 2 uaz 37

C 1 1
—==—0C + (2)
Je dm amKy,

1 1 1,1

- ot 3)

W C fa anuidTuesanazasiliia Neaaugs
(JadnSudadas) q fa YSumwestiifisfigngaduse

[ ] o

Bunmasunaunlaunaudiuaniw (FaanTudaniu) q,
fa mmmmmlumi@ﬂﬁu Wfiagega (NadnTudaniv)
uaz K fa AT LL@&LﬁU%ﬁQM%Qﬁ%ﬁoq (RaT6ianIN)
sunsuuudtaadlelonainvesnyuds 93
mmagmmaoms@@%’uﬁ’hﬁuﬁ’maoé”s@@%’uhﬂﬂmﬁa
WU UARA (ﬁuﬁ'sﬂuaoﬁa@@%’uﬁé’nwmzmmz) A
Aussndsnudminszaednduwiuy wadide uasd

Adsorption of Nickel (NF*) by Rice Husk and Modified Rice Husk 365

FURUMINIFUNIN 4 Az 5

1/n
1‘* (4)
logg. = ;]ngce + logK;

g. = KzC
(5)

i K. fla Fi’]ﬂdﬁ’llad‘l"h;ua’ﬁ (HadnTusianiv)
U8z n fla @hmﬁmaaﬂ@ua‘ns FUNIUUUINRDIVDINUAY
wnseBunens gaduniaail %agﬂﬁwmmmn
ﬂizmumsﬁn'mﬂ‘&;ﬂw,ﬂawaamw%aulumi@@%‘u
LLa:ﬁgﬂaun'ﬁé‘fnaumsﬁ 6 a7

RT -
=—InK; C
Qe b T e 6)
ge = BlnKr + BlnC; 7)

o T da punnAFuyInl (K) R fo Anasfias
LNy 8.314 (gasiaiml,ﬂ"‘m) K. fa mm‘ﬁ'awqa (kJ/
mg) b fla wivnumMIgadu (Alagadeluauaz B fa
AsTiwaIuAn (lua’dafilagn’)

aunsuuuiiaedloloinasuresanfaud-a
(Harkins-dura Isotherm) Lﬂuﬂ’]‘sa'ﬁumﬁdmigﬂﬁmmu
wanpd% (Multilayer) Tas@ A uaz B aziiluenasfivas
aun3 azaanInatuienisiaimzmoluznguesdn
aadule FamunIn 8

-—log C (8)
A

n3EnsIRanEans2INIIAATL

Tumsfinsesumansmigaduidumaiinans
A lannMIANINATRITEHZAFUNE (RANNLTN
o A ' o ° =2 1% .
TuALANEINH) v sanslasldaunis Pseudo First
Order, Pseudo Second Order W82 Intraparticle Diffusion
AIRNNTY

§NN13 Pseudo First Order @9&NA13A 11

In(q.-q) = Inq_- t (11)

2,303

e q, fla mmmmmgw%’umﬁaﬁﬁ;mauqa
(HafnTusianiv) qtﬁammmmmlumigﬂﬁu filfada
Usinownauwiaunavdsusnm Anmle 9 @sdniude
n3w) k, fasnaafisasnivesd §Asudusunilafion
(W) uaz t ﬁanmﬁl‘ﬂumigwﬁu (W)



366 Nitit Namcharee et al.

§UN1T Pseudo-Second-Order @3&NN1371 12

t 1 1
e ettt (12)
dt ks qe de

la k, Aa faafidassiven s suduaes
e @aansudaniu-uif)

aumsmmwimzmwaamgmﬂmUlué‘f'agwfj'u
(Intraparticle Diffusion) ﬁdaumiﬁl 13

1

g = k4 C (13)

mM3Ensamrnamansnsaady

WINdLaeairaiguunaaIaas 131 Enthalpy
Change (AH°) Free Energy Change (AG®) Was Entropy
Change (AS°) mmmﬂs:mnﬂ@ﬂﬁmmﬁlau@ami
Lﬂ'é"wuﬂmﬁuqmﬂgﬁ mufa UfAsmadaouulas
wé’amu’ém:maamsgwﬁ'ﬂﬁwammums et 14,
15 e 16

AG* = —RTInK, (14)

AG® = AH® — TAS® (15)
AR A5®

InK; = iy (16)

1o AG® fia WRYINUBFIZVBY Gibbs (kJ/mol-1)
R fia dnasfivasting (8.314 K mol™) K fa Aaafianga
& A > a £ A
MIgmnnamant uaz T Ae AdudszEndamnnd (K)
NMIAIWITUAN K fnsadwIle 3 py1[ST}1] fia

K =K"
L F
K =1/b
L
K|_=qe/ce

REAIANNFNAUT TR IIRNNNTUR I B uas wguam
Tasduansen K, o' 3 suvy leun K =K' K e
mnmmﬁmamuﬂ'ﬁw;u@h K =1/b @1 b leunannen

A A &
AINVBITNNIIUANTLT (K )

J Sci Technol MSU

mMsAnsIMsanatusadlaneniin

ﬁnLmammumauﬂ%’uamwﬁchums@@%'mm:
mumsauﬁqmﬁgﬁ 80 asrLTalEos Hwaan 3 $lug
usaldasluragUrunumwia 250 faddas $1wam 0.5 niw
LAUNIA aTNANNENTY 0.5, 1.0 waz 1.5 LA USanas
100 Hadans udh i luadeaagdsnnuisizan
150 saUdaUIN ﬁqm%gﬁ 30 avrioalSoa Ldwan 30
WA n’mmnﬁ's@@éﬁu‘[mmsmm URZIARIANULTUTY
Pa3RadInLe3as AAS nasanEulEEwI NN sAND U
MNFuMIUTENT NI TINDTU™ deaunIi 16

Ci—Cqg

\{io D fie UszAnSawnmsanodu (%) c fla A
i TwEduasmsazaiiAa FafanTudadag) C, fla
anuinTusasfiie (Mongadu) sLumsa:mﬂﬁqmmga

o

(RaanIudaniv) wa C, fla anuTusasiiianinie

% '

ag (Uadniudadas)

wauazanilingua

Hadnwamanifvasianaaty

mﬂmi?mmqmauﬁ'ammé’ag@%’mnmmé’numx
Auflvesunavuazunauysuanmlaglfinias SEM Aifnas
2818 500 Lvin Wudn MsUSuanIwel83t Alkali-Acid
Modification lasldasazaralodoylaasenlsd was
miazmﬂmﬂ%m’%ﬂiauﬁumw%auﬁﬂﬁﬁuﬁﬂwaﬁa@!
Lﬂ?}lwamw’lﬁmm:auLLﬁmigﬂﬁumﬂﬁlﬁu Uz 9T
%:ﬁwvlmﬁuua:a'oaﬂﬂiﬂaaﬂmﬂﬁuﬁﬁwaﬁaq B
fyrulunssapiuszlariaudswivaniuuazoaglas
lalavladiafiimaglaguaznisaaislasiasisvasiniu
&9 Figure 1 vnlvfuwalstuifia szanBnlumigadu
Taneniinloague

Figure 1 Characteristics of surface area in RH and MRH of adsorption using SEM at times 500 magnification
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Figure 2 Characteristics of configuration in RH and MRH of adsorption using X-ray
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Figure 3 FT-IR spectra of RH and MRH
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Table 1 Characteristics of surface area (RH) and (MRH)
of adsorption using BET

Adsorbent BET surface Total pore Mean pore
area volume diameter
(m’/g) (cm’/g) (nm)
RH 2.67 1.112 16.713
MRH 3.39 1.145 16.781
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Table 2 The parameters of Langmuir Freundlich for RH adsorption.

Langmuir Freundlich Temkin Harkins-Jura
temp. Q K (L R? K. n R’ KT (L/g) b R’ A B R’
(°c) | (mg/g) | mg) (glL)
30 2.80 1.25 0.828 1.04 1.57 0.925 3.34 0.25 0.616 0.46 2.83 0.682
45 1.78 0.94 0.945 1.25 1.68 0.764 2.27 0.41 0.477 0.47 2.31 0.788
60 1.74 0.93 0.925 2.08 1.34 0.874 1.96 0.61 0.561 0.26 6.37 0.214
Table 3 The parameters of Langmuir Freundlich for MRH adsorption.
Langmuir Freundlich Temkin Harkins-Jura
temp. Q K, R? K. n R’ KT b R’ A B R?
(°c) | (mglg) | (L/mg) (9/L) (Lig)
30 3.20 0.36 0.969 1.55 2.20 0.747 3.98 0.30 0.416 0.73 0.51 0.557
45 1.72 1.69 0.955 1.59 3.27 0.623 5.34 1.13 0.238 0.67 1.07 0.694
60 2.54 0.05 0.954 2.18 3.05 0.525 4.58 1.04 0.321 0.35 4.50 0.858
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Table 4 Pseudo First Order, Pseudo Second Order and Intraparticle Diffusion constants for adsorption of lead on Rich

Husk and modified Rich Husk.

Concentration Pseudo First Order Pseudo Second Order Intraparticle Diffusion
(mglL) K q R K, a R ., c R
(min™) | (mglg) (mg/g*™") | (mglg) (mg*"""*)
50 RH 7.40 0.06 0.989 39.84 0.007 0.998 3.32 123.19 0.155
100 RH 26.75 0.18 0.977 80.66 0.002 0.999 0.66 61.24 0.014
50 MRH 1.65 0.01 0.975 41.49 0.007 0.998 3.82 171.62 0.118
100MRH 26.95 0.14 0.993 83.33 0.002 0.998 0.53 35.82 0.008
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Abstract

Text mining is one of the most effective data analysis processes using alphabetic methods. Currently, text mining
techniques are classified a variety of ways. This research aims to find the most effectiveness of 5 techniques that were
Naive Bayes, Support Vector Machine (SVM), K-Nearest Neighbor, Decision tree LLaz C4.5. The data collected were
all made by the viewers in a total of 1,570 messages. The categorization process divided the data into 2 groups:
positive character and negative character. Interestingly, the process only indicated to that adverbs can be selected as
a core division to produce positive and negative characters. 10-fold cross validation was applied to segment the data
into training and testing sets. Moreover, accuracy, precision and recall were used as the criteria for selecting the most
effective model. It was concluded that the Naive Bayes technique produced the greatest accuracy in categorizing the

messages with an accuracy score of 93.88%, precision of 94.02% and recall of 93.54%.
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Figure 4 The sample data, through the series of features
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Table 1 The number of students in the academic year 2014-2015

School 2014 2015
1. Kalasin Commercial Technology College 176 197
2. Kamalasai Technology College 38 35
3. Perm Poon Business Administration Technology College 21 19
4. Lampao Vocational College 13 14
5. Sahassakun Technology College 15 16
6. Samchai Technology College 9 11
7. Thai Tech Kalasin Vocational College 12 15
8. Thai Tech Esan Vocational College 23 12
9. Somdet Commercial Technology College 132 268
10. Pattanabandit Technology College 18 10
11. Thai Tech Asia Vocational College 130 82
12. Natchavin Technology College - -
Included 587 679
Total 1,266
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Table 2 Variable details
Variables Variable types Description Variable value
Sex Nominal Male 1
Female 2
Age Numeric Age Actual data
Number of siblings Numeric Number of siblings Actual data
Parent Status Nominal Family 1
Divorced 2
Deceased 3
Father Career Nominal Government 1
State Enterprises 2
Trade 3
Agriculture 4
Contractors 5
Government Employee 6
Retired Government 7
Priest 8
Jobless 9
Others 10
Deceased 11
Mother Career Nominal Government 1
State Enterprises 2
Trade 3
Agriculture 4
Contractors 5
Government Employee 6
Retired Government 7
Priest 8
Jobless 9
Others 10

Deceased

N
N
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Table 2 Variable details (continue)

J Sci Technol MSU

Variables Variable types Description Variable value
Village Nominal Village Actual data
Tambol Nominal Tambol Actual data
Amphoe Nominal Amphoe Actual data
Province Nominal Province Actual data
Thai Nominal Thai Actual data
Math Nominal Math Actual data
Science Nominal Science Actual data
Social Nominal Social Actual data
Health Nominal Health Actual data
Art Nominal Art Actual data
Career and Technology Nominal Career and Technology Actual data
Foreign language Nominal Foreign language Actual data
Type of course Nominal Commercial 1
Industry 2
Graduate Nominal Successfully 1
(Class) Unsuccessful 2
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n‘s:mumsﬁﬂuﬁmaﬂmwwﬂﬂizmmﬁmlﬂﬂmmu MATLAB $#s&n 12 Usz1an (Levenberg-Marquardt-LM, Bayesian
Regularization-BR, BFGS Quasi-Newton-BFG, Resilient Backprogagation-RP, Scaled Conjugate Gradient-SCG,
Conjugate Gradient with Powell/Beale Restarts-CGB, Fletcher-Powell Conjugate Gradient-CGF, Polak-Ribiere
Conjugate Gradient-CGP, One Step Secant-OSS, Variable Learning Rate Gradient Descent-GDX, Gradien Descent
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Abstract

There are 12 Learning algorithms of artificial neural networks in the MATLAB program (Levenberg-Marquardt-LM,
Bayesian Regularization-BR, BFGS Quasi-Newton-BFG, Resilient Backprogagation-RP, Scaled Conjugate Gradient-
SCG, Conjugate Gradient with Powell/Beale Restarts-CGB, Fletcher-Powell Conjugate Gradient-CGF, Polak-Ribiere
Conjugate Gradient-CGP, One Step Secant-OSS, Variable Learning Rate Gradient Descent-GDX, Gradien Descent
with Momentum-GDM and Gradient Descent-GD) and each learning algorithm type has a difference in its learning
process. Therefore, in this article 12 learning algorithms were compared to find the one most suitable for flood
forecasting at P.1 station, t+6 and t+12 hr. using 4 input determination techniques (Cross Correlation-C, Stepwise
Regression-S, Cross Correlation+Stepwise Regression-CS and Genetic Algorithms-G), also hidden nodes were set

to 1 node and based on number of input variables 25%, 50%, 75% and 100%. It was found that the majority of
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learning algorithms gave the similar results of flood forecasting (R* = 0.99 and 0.97). In conclusion, however, for flood
forecasting t+6 and t+12 hr in advance at P.1 station, SCG, CGB, CGP, OSS or LM are the most suitable learning

algorithms because all of them can forecast flood events and they seem to be the fastest learning algorithms

(approximately 1-2 minutes), with number of hidden nodes are not greater than 50% of number of input variables and

the suitable process of input determination techniques are C and CS.

Keywords: Artificial Neural Network, Flood Forecasting, Learning Algorithms, Upper Ping Catchment
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Figure 1 Water level stations in the study area'
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Table 1 Input variables selection t+6 (continue)
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P.1 C CS G S | P.67 cC|CS| G S P75 | C | CS | G S P20 | C | CS | G S
t-19 t-19 t-19 X t-19 X

t-20 t-20 t-20 t-20

t-21 t-21 t-21 X t-21

t-22 t-22 t-22 t-22 X X
t-23 t-23 X t-23 t-23

t-24 t-24 t-24 t-24 X
Total 25 9 32 | 19
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Table 2 Input variables selection t+12

P1 |c|cs|Gc|s|Per|c|cs|Gc|s|pPms|c|cs|Gg|s|P2o|cCc|cs|c|s
t X | x | x| x| t X | X t X | x| x| x t X | X
1 | X X t-1 X t1 | X | X | x t-1 X

t2 | X | x | x| x| t2 X | x| t2 | x X t-2 X | x
t3 | X t3 t3 | X t3

t4 | X t-4 X | t4a | x| x X | t4

t5 | X | X t5 X t5 X t-5 X

t6 | X X t6 X | t6 X t6 X

7 | x| x | X t7 t7 X | t7 X

t-8 t-8 t-8 t-8 X | X
t9 X t9 t9 t9

t10 t10 X | t10 X t10 X

t-11 t11 t11 X | t11 X | X

t12 X t12 X | t12 X t12
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t18 X | X | t18 X | t18 t18
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Table 2 Input variables selection t+12 (continue)

P.1 Cc Cs G S P.67 C CsS | G S P75 | C | CS | G S P.20 cC|[CS| G S

t-22 t-22 t-22 X t-22

t-23 t-23 t-23 t-23

t-24 X t-24 t-24 t-24 X X
Total 13 7 33 | 24

A Pz py o A @ o &
Walddmudsfignaaifanudrdwiulnualuzu
TawIUALYNAIRUANNTWIUMLLTINLTN (Table 3)

Table 3 Number of hidden nodes

t+6 No. of input No. of hidden node
variable 1| 25% | 50% | 75% | 100%
c 25 1 7 13 19 25
cs 9 1 3 5 7 9
G 32 1 8 16 24 32
19 1 5 10 15 19
t+12 | No. of input No. of hidden node
variable 1| 25% | 50% | 75% | 100%
c 13 1 3 6 9 13
cs 7 1 2 3 5 7
G 33 1 8 16 24 33
24 1 6 12 18 24

91N Figure 3 LEAIANRDG RZNmswennsalin  R? Uszanme 0.99 oALiNNII8u3 GD, GDM uaz GDX 7
¥iaw 6 T2 L9 9 ﬂszmumsﬁﬂuﬁm\'a:m‘nmumn fusansmwasuudasanuitwinlnualususewdu
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Tugau fuiinandrsiunsedaulsiuandrsin Tagden

Table 4 R? values of models with 1 hidden node at t+6 and t+12 hour

t+6 BFG BR CGB CGF CGP LM 0SS RP SCG GD GDM GDX

Model C 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.95 0.94 0.97

Model CS 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.93 0.94 0.97

Model G 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.98 0.99 0.95 0.94 0.95
Model S 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98 0.99 0.96 0.95 0.97

t+12 BFG BR CGB CGF CGP LM 0ss RP SCG GD GDM GDX
Model C 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.88 0.88 0.91

Model CS 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.89 0.90 0.93

Model G 0.97 0.97 0.97 0.97 0.96 0.97 0.96 0.96 0.97 0.93 0.93 0.95

Model S 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.96 0.97 0.93 0.93 0.95
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Figure 3 R® Values of testing all 12 learning algorithms between August and September 2005 at t+6
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Figure 4 R® Values of testing all 12 learning algorithms between August and September 2005 at t+12
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Abstract

The purpose of this research was to develop web based instruction for smart phone by renovating the existing web
based instruction. The existing instruction is based on a desktop site design. It is for use with a personal computer
that has a screen resolution above 768 pixels. When users used a smart phone to access existing web based
instruction, it was unsuitable for the smartphone’s screen size as it is smaller than a computer monitor. In this research,
a newly design user interface of the web based instruction has been developed to suit both mobile and personal
computer screen sizes. A responsive web design is proposed as a suitable design. It can support various kinds of
screen sizes. The result of this research shows that the newly designed web based instruction can cope well with
Android , I0S and windows phone. In this research, 26 teachers and 29 students were selected for testing user
satisfaction. The study found teacher satisfaction and standard deviation at 3.69 and 0.74, respectively. The results
of student satisfaction and standard deviation at 3.92 and 0.87, respectively. The overall results indicate medium

level of satisfaction.

Keywords : Web based Instruction, Responsive web design
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#INCLUDE FILE="share.asp”
<%

Menu()
Sub menu
End sub
Sub work1
End sub
Sub work2
End sub
Sub work...
end sub
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Table 1 User Functions

Function Teacher Student Admin

Login v v 4

Logout

Edit Profile

Site Favorite

Change Skin

N ANENENEN

Help

Add Subject

\

Display Subject

Enroll Student

Display Student

Withdraw Student

<
NN ANENENANEN

Display Student detail

Add Lesson

Display Lesson

Assignment

N ANENENEN AN N ENENENENENENENAN

Inspect Assignment

Sent assignment 4

Add Document

Download Document

Add Subject detail

Display Subject detail

AN NN

Add Exercise

Answer Exercise v

<

Add Website Link

Display Website v
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Table 1 User Functions (continue)

Function Teacher Student Admin

Add Book v

Display Book 4

Send Message 4 4

Web board v v

Add Display skin

Set Upload file size

Add major

NN ANENENEANEN

Add Faculty
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hangag 1w ke <span class = “glyphicon
glyphicon-search” aria-hidden = “true”> </span> L'ﬁlaLLﬁm
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BenldanFsvas Bootstrap Tifisuiaaslngnannoma
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<meta name="viewport” content="width=device-width,
height=device-height, user-scalable=no” />
<meta http-equiv="X-UA-Compatible”
content="IE=edge”>

<meta http-equiv="Content-Type” content="text

J Sci Technol MSU

html;charset=TIS-620" lang="th">

<link href="bootstrap/css/bootstrap.min.css”
rel="stylesheet”> <link rel="stylesheet” href="bootstrap
css/main.css”> <link rel="stylesheet” href="bootstrap/css
responsive.css” media="screen and (max-width: 900px)”>
<script src="https://oss.maxcdn.com/htm|5shiv/3.7.3
htmlI5shiv.min.js"></script>

<script src="https://oss.maxcdn.com/respond/1.4.2/r
spond.min.js”></script>

#INCLUDE FILE="share.asp”

<%

Menu()

Sub menu

End sub

Sub work1

End sub

Sub work2

End sub

Sub work...

nnuRInsaaasWgddsaos Bootstrap
st 3.3.7 %aagiugmmuuﬁwﬁamm laganiilnaa
ndulsduas Bootstrap adluiadasusiingliutiogat
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"Lﬂﬁ%m%'uLLﬁﬂmiﬁmumgﬂLmummamwauuuﬁ%’ué’a
maam&ﬁwéﬁ it
<nav class="navbar navbar-default’>
<div class="container-fluid”>

<div class="navbar-header” align="left">
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<button type="button” class="navbar-toggle collapsed”
data-toggle="collapse” data-target="#bs-example
navbar-collapse-1” aria-expanded="false”>

<span class="sr-only”>Toggle navigation</span>
<span class="icon-bar’></span>

<span class="icon-bar’></span>

<span class="icon-bar"></span>

</button> Web Title </div>

<div class="collapse navbar-collapse” id="bs-example
navbar-collapse-1">

<ul class="nav navbar-nav”>

<li> Menu 1 </li>

<li> Menu 2 </li>

<li> Menu .... </li> </ul>

<ul class="nav navbar-nav navbar-right”>

<li>Exit Button</li> </ul>

</div></div>

</nav>
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@media screen and (max-width:768px)

{

.hide-mobile

{

Display : none ;

\odasmstoumsuaasnaomslavasluung
et ﬁlzﬁwmsﬁmu@Lmumaﬁagaﬁ?ﬁlﬁﬂmmu hide-
mobile @88 LT
<table>
<tr><td> ‘%Ia </td>
<td> WIUENA </td>
<td class="hide-mobile” >L\¢</td>
</tr>

</table>
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JaualaltuuugauaiuuuuniasUszunman (Rating
Scale) 5 321U laalen 5 A walawn 4 fe wale 3 Aa
thunand 2 fa liwela uaz 1 fe Vlajwalaﬁqﬂ sy
inaminsudannunineiues Table 2

Table 2 Satisfied criteria

Level Meaning

451 -5.00 Very satisfied
3.51 -4.50 Satisfied
2.51-3.50 Mere

1.51 - 2.50 Displeased
1.00 - 1.50 Very dissatisfied

MNMINaFauNIEIwInTInFauAUNgY
MBLINLN ﬁomjuﬁ%m waznsmansaldueni
Ivasuanualaslfszoznalumsldonwliin 1 9l
wasanlanaaaslduuds ldlingudadinau
wuugauaINANNRInala lapwivelunisTaainune
wala wanm3ia LLﬂ:ﬂ’]iLL‘ﬂaNNﬁ’m%ﬁJﬂE\juﬁ’Jaﬂ’mﬁLﬂu
fisa aglu Table 3 Awmiuraidalunmyiaanuinala ua
n3Ia LLa:miLLﬂamaﬁm%fumjuﬁaazinﬁf]ummsﬁag}i
lu Table 4 ﬁ“ﬁ’mauaLLuzmﬂmjuﬁ%mLﬁ'mﬁuﬂﬁuﬁums
G mﬂﬁfuﬁmaﬁagaﬂ?ﬁﬁmiaaﬁ’u@‘*ﬁﬂgh:uulﬁﬁmm
TAALABINNTIENTAN UAZIUIAGIENBITa LA TTE
pwalngAwldilfideailefinsusans FIUNGY
fhotefitinaransslaidvalanauusiiontu muaaine
Luygﬁ"l&ﬂ@m@iu wazflvwaaniiuldamaveslWsienans
Tumsssteaiinly mslealumsusasnedaimiany
panrasinlUaanudluniins eanuiaul
amsuaenaliiduninsonw szl ladndsns
MawuvegstadduTIora Luan

Table 3 Student’s Satisfaction Evaluation

Title X SD Meaning
Meaning of icon design 3.90 0.49 Satisfied
Layout 3.83 0.76 Satisfied
Font Size 3.72 1.07 Satisfied
Color 4.03 0.91 Satisfied
Icon Position and Space 3.72 0.7 Satisfied
Icon Size 3.76 0.99 Satisfied
Button Size 3.93 0.96 Satisfied
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Table 3 Student’s Satisfaction Evaluation (continue)

System perception 3.97 0.82 Satisfied
Flexibility 3.93 0.84 Satisfied
Error Protection 3.76 0.74 Satisfied
Help Desk 3.93 0.84 Satisfied
Integral 4.03 0.94 Satisfied
Fleetness 4.21 0.77 Satisfied
Registration 4.21 0.82 Satisfied
Login 4.21 0.73 Satisfied
Display List of Subject 3.83 1.07 Satisfied
Display Student 3.97 1.05 Satisfied
Display Assignment 3.76 0.95 Satisfied
Submit Assignment 4.07 0.88 Satisfied
Display Subject Document 4.38 0.78 Satisfied
Display Lesson 4.31 0.85 Satisfied
Exercise creating 4.03 0.82 Satisfied
Book display 3.97 0.82 Satisfied
Link display 3.45 0.83 mere
Send message 3.52 1.09 Satisfied
Web board 3.55 1.09 Satisfied
Average 3.92 0.87 Satisfied
Table 4 Teacher’s Satisfaction Evaluation

Title 3 SD Meaning
Meaning of icon 3.65 0.80 Satisfied
Layout 3.42 0.70 mere
Font Size 3.42 0.70 mere
Color 3.42 0.95 mere
Icon Position/Space 3.27 0.67 mere
Icon Size 3.31 0.79 mere
Button Size 3.62 0.70 Satisfied
System perception 3.5 0.76 mere
Flexibility 3.42 0.70 mere
Error Protection 3.31 0.84 mere
Help Desk 3.38 0.75 mere
Integral 3.54 0.65 Satisfied
Fleetness 412 0.65 Satisfied
Registration 4.19 0.63 Satisfied
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Table 4 Teacher’s Satisfaction Evaluation (continue)

Login 4.35 0.63 Satisfied
Create Subject 3.88 0.77 Satisfied
Edit Subject detail 3.85 0.61 Satisfied
Enroll student 3.85 0.83 Satisfied
Display student 3.92 0.63 Satisfied
Add assignment 3.85 0.78 Satisfied
Display assignment 3.81 0.80 Satisfied
Add Document 3.62 0.98 Satisfied
Display Document 3.69 0.93 Satisfied
Add Lesson 3.69 0.79 Satisfied
Display Lesson 3.77 0.59 Satisfied
Add Exercise 3.88 0.77 Satisfied
Display Exercise 4 0.63 Satisfied
Average 3.69 0.74 Satisfied
a7lnan1339y
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Abstract

This research aimed to improve RPL protocol for support mobility node on 6LoWPAN. We propose an improved
protocol called imRPL protocol that enhances the parent selection phase and the mobile detection phase. This research
compared performance between RPL protocol and imRPL protocol using Cooja simulator. The results showed that in
the first scenario where the speed of node is 1 m/s, the imRPL protocol had a packet delivery ratio at 88.92%,
whereas with the RPL protocol it was 68.54%. In the second scenario, imRPLv2, imRPLv1 and RPL protocol had
packet delivery ratios of 70.89%, 58.84%, and 38.98% respectively. Moreover, the imRPLv2 protocol can choose
a correct new parent at 100% while imRPLv1 and RPL protocol have the correct ratio of 77.5% and 47.5%

respectively.

Keywords: Mobility Network, Wireless Sensor Network, Internet of Things, 6LoOWPAN, Routing Protocol
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Algorithm 1. Parent Selection
Begin
Femove Neighbor Cache;
Broadeast DIS Message;
timerpss =0,
While tiumerprs < (SIS freskald
ITES5Imo == R55tyesa or DropDIO = 2

Calculate Best Parent:
DropDIO =,

Else ITRSSInie < RSSthreshold
Drop DIC Meszage;
DropDIO+—;

Parent Selection:
End
End

End

Figure 2 Algorithm 1: Parent Selection
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Table 1 Relation between hop and TimerThreshold
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Algorithm 2. Mobile Detection
Begin
If Timeracg < TiMerThreshold then
If RSSIack < RSSIThreshold then
Parent Selection;
Reset Timerack;

Else
Send Data;
End
Else
Parent Selection;
Reset Timeracxk:
End

End

Figure 3 Algorithm 2: Mobile Detection
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Table 2 Parameter of scenario one

Parameters Detail

Network Simulator | Cooja Simulator (Contiki OS 3.0)

Protocol RPL, imRPLv2
Performance Number of Control Message, Packet
Measure Delivery Ratio

Number of Node 1 Root Node, 1-5 Router Node, 1 Mobile

Node
Number of Round | 10 Laps
Emulated Nodes Zolertia (21)

Packet Rate 1 Packet / Second
Speed of Mobile

Node

1 m/s, 2 m/s, 3 m/s, 4 m/s, 5m/s

Table 3 Parameter of scenario two

Parameters Detail

Network Simulator | Cooja Simulator (Contiki OS 3.0)

Protocol RPL, imRPLv1, imRPLv2
Performance Number of Control Message, Packet
Measure Delivery Ratio, Parent Selection Time,

Correct Parent Selection

Number of Node 1 Root Node, 8 Router Node, 1 Mobile

Node
Number of Round |5 Laps
Emulated Nodes Zolertia (Z1)

Packet Rate 1 Packet / Seconds

Speed of Mobile 1 m/s

Node
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Abstract

This study of a smartphone application development for tourist destinations in Muang Kaen Pattana Municipality,
Mae Tang District, Chiang Mai Province aimed.- 1) to develop and analyze the quality of the application, and
2) to analyze satisfaction with the application in a sample of 45 local people and Thai tourists. Research instruments
were.- 1) the application for tourist destinations 2) a quality assessment form on the quality of the application for
tourist destinations and 3) satisfaction assessment form on the application for tourist destinations. The results were

as follows.- 1) Development of the smartphone application was a 7 step development process. Major pages in the
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in Muang Kaen Pattana Municipality, Mae Tang District, Chiang Mai Province

application are categorized as ‘temple’, ‘tourist attraction’, ‘accommodation’, and ‘homestay’. It also provides a route

from where the user is to the selected location. 2) Quality of the application was assessed in term of content and

development by 3 experts. Quality of the application (in terms of the content) was at the very good level with a mean

of 4.67 whereas quality of the application (in terms of the development) was at the good level with a mean of 4.20.

3) Satisfaction with the application was at the high level with the mean of 4.21.

Keywords: Smartphone Application Development, Tourism Promotion, Muang Kaen Pattana Municipality
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Content X SD Level
1. Presentation of core city history information is clear 4.67 0.47 Excellent
2. Presentation of tourist information is clear 4.33 0.47 Good
3. Presentation of temple information is clear 4.67 0.47 Good
4. Location presentation is accurate 5.00 0.00 Excellent
5. Route guidance is accurate 4.67 0.47 Excellent
Average 4.67 0.35 Excellent
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Table 2 Application Development Quality Assessment Result

Content X SD Level
1. Picture presentation is appropriate 4.00 0.00 Good
2. Vdo presentation is appropriate 3.67 0.47 Good
3. Presenting text messages is clear 4.33 0.47 Good
4. Application deployment is convenient, easy to use 4.33 0.47 Good
5. Benefit of using the application 4.67 0.47 Excellent
Average 4.20 0.38 Good
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Table 3 Results of the Application Satisfaction Assessment
Content X SD Level

1. Presentation of core city history information is clear 3.96 0.52 Very satisfied
2. Presentation of tourist information is clear 4.18 0.61 Very satisfied
3. Presentation of temple information is clear 3.84 0.56 Very satisfied
4. Presentation pictures are interesting 3.96 0.56 Very satisfied
5. Presentation VDO are interesting 3.98 0.69 Very satisfied
6. Location presentation is accurate 4.69 0.47 Most satisfied
7. Route guidance is accurate 4.80 0.40 Most satisfied
8. The speed of the processing of the application 4.36 0.53 Very satisfied
9. The application is unique 4.47 0.50 Most satisfied
10. Facilitated within the application 4.44 0.76 Most satisfied
11. The beauty of the application 3.93 0.65 Very satisfied
12. Benefit of using the application 4.71 0.46 Most satisfied
13. Application deployment is convenient, easy to use 4.09 0.36 Very satisfied
14. Application has been properly applied 3.89 0.49 Very satisfied
15. Overall suitability of the application 3.93 0.58 Very satisfied
Average 4.21 0.54 Very satisfied
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Abstract

This research aimed to.- 1) develop applications by applying geographic information systems to find suitable routes
for tourist community attractions in Hua Hin, 2) to evaluate users’ satisfaction with application development through
the geographic application information system by developing the applications on the Android operating system (Android)
and using the ArcGIS Online web application with AppStudio for ArcGIS. The application development analytics were
analyzed with a survey of the satisfaction of 400 people and the results sshown in the form of basic statistics. The
study found that.- 1) the application of geographic information systems to find suitable routes for community attractions
in Hua Hin can be implemented to an extent, 2) the results of questionnaire evaluation revealed that the Android
system has the highest rating in terms of usage, with an average of 4.65 which was in the very good quality level.
The average design score of 4.57 was in a very good level. The results of the questionnaire evaluation on application
development of geographic information systems to find the right path for community attractions in Hua Hin can be used

as a guideline to apply to the development for other types of tourism 100%.

Keywords: Geographic Information Systems, Tourist attraction, Android operating system
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Figure 4 File format .TXT
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Abstract

In this paper, we propose a local descriptors approach to classify pornographic images. Two local descriptors
including the scale-invariant feature transform (SIFT) and the histogram of oriented gradients (HOG) are computed
feature vectors from pornographic images. The extracted features are supplied to the K-Nearest Neighbor Algorithm
and Support Vector Machine for pornographic image classification. We have evaluated all different methods on the
TI-UNRAM dataset. The results show that the HOG and the SIFT combined with the SVM significantly outperform the
other methods, including KNN algorithm and image processing technique. Thus, the local descriptors approach can
be combined with the SVM for pornographic image classification in order to obtain the effective classification

performance.

Keywords: Ponographic Image, Image Classification, k-Nearest Neighbors Algorithm, Support Vector Machine, Local

Descriptor
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Figure 5 The positive examples of non-human image

from the TI-UNRAM dataset.
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Abstract

This research studied a web-based resource management system for the Rubber Replanting Aid Fund Cooperative
in order to enhance the competitiveness in gearing within the ASEAN community. The objectives of this research were
to 1) investigate the operating process and the organization resource management system, 2) develop the information
system for efficiently managing the organization resources and 3) enable the relevant agencies to cooperatively and
effectively share and use resources in order to serve the ASEAN Community. The Rubber Replanting Aid Fund
Cooperative of Ko Yai sub-district in Krasa-sin district, Songkhla province was the prototype organization in collecting

data and developing the program. The program employed data collection, system analysis and design, system
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development and testing, and users’ satisfaction assessment. Consequently, the researcher provided hands-on
training and summarized the application guidelines which could raise competitiveness in the ASEAN Community and
increase of rubber plantation in other countries . The findings of this research showed that this program could
actually be used in real situations as well as offering various associated factors of the organization of working
processes. The findings could also meet the needs of organization staff. Moreover, this could deliver more channels
in applying the resource management system of the organization. The result was a system with a system design av

erage score of satisfaction at the high level of 4.75; System stability average score of satisfaction at a high level of

4.79 and the benefits of the system to the operation average score of satisfaction at a high level of 4.87.

Keywords: Enterprise Resources Planning (ERP), Rubber Replanting Aid Fund, ASEAN Economic Community
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Figure 8 Main screen of the program
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