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Abstract

The aim of this research is to investigate the adsorption of methylene blue dye
using pineapple peel waste, with the goal of applying it to wastewater treatment and
dye removal from wastewater. Various parameters, such as contact time, initial
concentration, and temperature, were investigated. The results showed that the amount
of methylene blue dye adsorbed increased as the initial concentration increased. The
adsorption amount was 109.77 mg/g at an initial concentration of 500 mg/L. Adsorption
reached equilibrium within 2 hours of contact time. Different temperatures had no effect
on the amount of adsorption. The Freundlich and Langmuir isotherm models were used
to determine adsorption constants, with the Langmuir isotherm model providing the best
fit. The correlation coefficient (R) was 0.9901, and the maximum adsorption capacity was
123.46 mg/s.

Keywords: adsorption, methylene blue, pineapple peel
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Abstract

This research aims to study the influence of the shape and size of air resistance
areas on the period of oscillation and the air damping constant in a spring-mass system
using video recordings from a mobile phone camera and analysis with the Tracker
program. The air resistance areas are made from future board and consist of three shapes:
equilateral triangle, square, and circle. The results show that the vertical oscillation
period of the spring-mass system, with a constant total mass of 180 grams, is
independent of the shape of the air resistance area but tends to increase with area size,
following the equation T(s)=1.2525+5.3250x10A, where A represents the air resistance
area ranging from 25-707 square centimeters. The air damping constant increases with
area, following a second-order polynomial equation, and depends on the shape of the
air resistance area, with values ranging between 1 and 17 mN-s/m. The air damping
constant for square-shaped areas is slightly higher than that of equilateral triangle areas

and circular areas, respectively.

Keywords: damping vibration, air damping constant, shape of air resistance area
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Abstract

The research focused on developing a counting system for spare ventilators in
the emergency room of a hospital in Bangkok using Internet of Things (IoT) technology.
The system aimed to prevent ventilator shortages during emergencies and reduce the
workload of staff who would otherwise need to manually check the ventilator count. It
was designed to count ventilators using object-detection infrared sensors and transmit
the data via Wi-Fi, which was then displayed on a webpage. Hospital staff could
continuously monitor the remaining number of ventilators, and a notification system via
the Line application alerted them when the number of ventilators dropped below a set
threshold. This allowed staff to promptly replenish ventilators as needed. The test
results demonstrated that the sensors detected ventilators with 97% accuracy, while the
alert system performed with 100% accuracy. For future development, improvements are
expected in the aesthetic presentation of the website and the connectivity of devices in

areas without wireless internet access.

Keywords: Internet of Things, infrared, ventilator, hospital
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Abstract

This research presented a real-time hand gesture recognition system for elderly
care using MediaPipe and the LINE application. The primary objective was to develop
a prototype of a real-time hand gesture recognition system for elderly care using
MediaPipe and the LINE application. When predefined hand gestures were detected, the
system sent notification alerts to users via the LINE application. The prototype
development was divided into two main components: hardware, consisting of
a Raspberry Pi 5 and a Raspberry Pi Camera Module 3; and software, featuring a gesture
detection notification system integrated with LINE. The innovation effectively identified
three specific gestures used for requesting assistance and delivered alerts via the LINE
application. Accuracy measurements for the system showed that Gesture 1 ("love")
achieved 93%, Gesture 2 ("pointing up") reached 98.5%, and Gesture 3 ("victory") attained
99.5%. This innovation demonstrated its potential applicability in assisting elderly

individuals by enabling them to communicate with caregivers using simple hand signals.

Keywords: hand gesture, elderly, MediaPipe
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—_—) ‘ >
Mobile
s Line APl

5
Patient

A 1 M159NNULAYSINYBITTUU
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I1nn1svulaesInvessyuy (i 1) fndesnsrasunised eulwivesie
JunnilevesUie dadayaluds Raspberry Pi Usvudanasde Open CV didelud uas
Python danan13v191ulUduWiaef uay Line APl uansnanisud i eulyquanis
Tatuoundindu

NMAATILAZaRNLUUTTUUATIRT U IMNNElauuuSsalnddwiunsquadgeeany

1) UHUANEELAE laagnTY

M5haveeszuy Gldnuvmih e Inszuu Taeszuuiivihiingn o léun szuu
vhnsiandes asaduviomedle minasawuvimeiimunszuudunmdslURiEsies
Mndudstorruudafeunarsunnlugslad ldnufnioudelal wasiudoarunsds
Fyanamemnutiomdenniitheiigndendueundndulad (anmil 2)

Elderly Care System

Add Line

System User

end Message and
Image

AN 2 WHUNNYALAE LABTUNTUITUURUAREIDY
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2) WU NARFLABE AT
WHUNNAANALABZINTH HaALNNBINTITYINNUTaaUNEATY ANuduRusvedsyUY
LEAINISYINIU (AN 3)

Server
- Savelmage
1 Camera
Hardware
- OpenCamera
- TumnOnSystem 1 5 1| - Captureimage
- OpenSystem 4 ’ System
- TurnOffSystem - Name - Stl’iﬂg
- CloseSystem 1 1 ModelDetect
1
- DetectHand
1
LinsAPFI
User
“Name - String 1 1 |-AddLine
- getMessage
- getlmageLink
- SendMessagelmage

29 3 AadlAoLLATUANTYINUVBITYUU

WALLIANTTUALANEID1Y WAZTTUULINLADY

1) duvesening

403815 AuaT 1 eurandes Camera Module 3 U Raspberry Pi 5 A udi b
enuuuld (nwdl 4)

2 4 Jeusandes Camera Module 3 U Raspberry Pi 5
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2) druvosreniuaf vinsieulusunsuitemuaunsiauvesgunsallagly
fiReluld uag Open CV

TusmiAdeildeu hand landmark detection ifumisuisauuulowiugesa afrefidn
dmuusazgadanauuiiodueding uuudiasimisduunuszian Tasuiduensisdvileda 73
Afadlsnniideludiduduws yalunavesilifisludnsiadudumisdfyvesiiouasdes
1w 21 90 (il 5) nelaeadanansavhnuldfidesniumsfinduainnmaisuszana
30,000 1w Pnfiuvdanmiifianuvannvang (8]

L
g® o ®16 0. WRIST 11. MIDDLE_FINGER_DIP
¥ g 4 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
. 15 2. THUMB_MCP 13. RING_FINGER_MCP
6% 1 #,, /20 3 THUMBP 14. RING_FINGER_PIP
i —J JS19 4. THUMB_TIP 15. RING_FINGER_DIP
4 519 % o 18 5. INDEX_FINGER_MCP  16. RING_FINGER_TIP
3® \ 17 6. INDEX_FINGER_PIP 17. PINKY_MCP
. 7. INDEX_FINGER_DIP 18. PINKY_PIP
27 8. INDEX_FINGER_TIP 19. PINKY_DIP
1 9. MIDDLE_FINGER_MCP  20. PINKY_TIP
{0 10. MIDDLE_FINGER_PIP

il 5 Yedanauuiienliidelud

3) Msrhmuavinsiofierennutiemie

mstvuariiieres3eldsmuaviimadielis oy 3 vin Wuviimedianunse
vhldiomnziuggeeny wazlildldvimanamlveugdu viedullun ifidvuaviima
mMsdedamenuiemEsludded Wud (nsait 1

AN999 1 NIIANUANINILDUAZANNLNY

yinmadie o AURUNY

¥
\af . o
W nan (love) aulen

et

3
i& WY (pointing up) YOANINYINED
\ W
@%« Mny@esill (victory) YOANUYILUROAIUTIAR
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NAN15338
TumAdeifnuiauszuunseiuimaiiouuubealnidmiunsuatigiengss
fingluduasuduiouiuseundindulay wasnageuUszansnmuesssuy FeUsznause
NANISYIAGBINITNTIVIUN NG D Nan19TAUTEANTAINUDITLTUY uasnan1sUseLiu
AHLUUEIYBINITUIUADUR UMD UNALATU

1) NANITVIARDINTIIATINTUNINED

nsnaaeunsinnulaenInsIvTuimsiioanyldyiseny 10-70 U VanAne uay
WAV 91U 12 AU 21NA1TANAUAYITVNINBLAZAMUNNIETIUIY 3 911 YIn1svaasadn
SYUURABALIAMAADINTIITUTMNETe $1u7Y 3 W1 vinaz 100 AYs (wdl 6) uaznsI9dey
AIATIITUIIUIU 2 S2oy LAWA SLLUI8 70 WURLLIAT WAYTEELU1e 170 WURLLIAT WEAINE
M995998U (Fam319t 2)

AN 6 NSATIFTUNINNGL

= I ] |
M3 2 a?ﬂNaﬂ']i'ﬂ@]a@ﬂﬂ']imi’JQQUV]']V]']Q@JE]V]Q 3

EEIEAT N Vindi 1 viuan i 2 vindidu Wil 3 ﬁqyaaaﬁq
70 LYURALNAT 93% 98% 99%
170 LUALLAT 93% 99% 100%
ANaBL NN 93% 98.5% 99.5%

INAITIN 2 wanlmiiuI N aNAFoUNITVIUVDINITATIIT VTN 9919 3 9N
wuIlusunsudainugnaes i 3 v lagvind 1 viudniianugnees 93% 1M 2 ¥193u
fAugQnaeg 98.5% Uaryindl 3 viryaesily faugnaes 99.5%

2) HanInUTEaNsANUDITEUY

ms¥auszansamlunisviuneuesszuy lunsveassildnisiuinainasiaUssdiv
NaaNS (confusion matrix) [14] Tun15¥aNanae confusion matrix wUsnan1sviuseantdu
4 nsel lawn
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True Positive (TP) #e Asilusunsuvhuiedn “a3e” wae Slandu “a3”

True Negative (TN) e Asfilusunsuviuedn “ldese” wae Jan “ldase”
False Positive (FP) #e asilusunsuyiunesn “a3e” uet Sandu “liase”
False Negative (FN) Ao Asfilusunsuvinnedy “liase” ue fiandu “a3e”

Tnpnluavzidiandeuldiuluniuidotaznisinueig 9 fe

Precision tJunsinauusiugvesioya lnefinrsaueniiazaana lnefuimn

@anaunsh (1)
TP

Precision = TP+EP (1)

Recall \unsinanugndesnes Model lnefinnsaueniiazaana lnaduia

1§90 aunisi (2)
Recall = —0 )
ecall = TprrN)

& o v a J
Accuracy LUUﬂ'I‘i’mﬂ’J’DJQﬂGIEJﬂJEN Model IﬂﬂWﬁ]’]iﬂJ’]i’mVJﬂﬂa’Wﬂ TngAUIN

19910 aunsh (3)
(TP+TN)

(TP+TN+FP+FN) (3)

Accuracy =

F1-Score 1JuAad #a1$luiing=319 Precision kag Recall Inadiuiadlaann

aunsh (4)
precisionxrecall
(precision+recall)

F1=2X (4)

M19197 3 Han1snaaeuUsEANSAMvedllnamyaveanadey

i1 «’x‘]"]u'auﬂ%%\i Precision Recall Accuracy F1-Score
viaw 200 0.94 0.99 0.93 0.96
ol 200 0.99 0.99 0.99 0.99
yiaesin 200 1.00 1.00 1.00 1.00

nuan1snaaeulun1sef 3 UsednsainvedluinaiiAngauinegy lusening
0.93-1.00 Tunnvimeaeu

3) NaN15USELIUAMULLUEIIVDINITHIAADURNTUN LD UNALATU
ASNAABUNITINUYBINTWI LA BUN UMWY NAATUlaY aunsadesdaninyg way
sunnudasoumaeundndulaild (nmi 7)
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AT 7 Nsuanidennukaz U nLIRisun e Unandula

mMInaaeuUseiiuaNLLdugeInsiisieurunaweunawetdula Wuniseaey
msunm uariutenuudaieuriumaslay $1uau 600 af wiaduing 1 viaw udadieu
Foru “aunei” $1uan 200 Aw vid 2 YRty wiadeudeniny “venrwdiewde” Sauau
200 9 waw vt 3 vhgaesia uwdafoudenu “vsrrumiswEosuiign” $1uau 200 am
nedausnsIALLuglun15S N (corrected rate) [15] Ingmldanaunisii 5 wazwien
ANRANATR (error) ﬁ?ﬂammiﬁ' 6 Iﬂaﬁ correct classification %u1884 mw%ayjamaauﬁl
anansaduunlignes incorrect classification nanefis S1urunmmaaeufisuunilliigndes
Wag total classification MUNBES TIUIUNINIIRUAT VILIMAGOU HANITNAGBUNIS TV
vmsilowazdeennuudaiounandldss asei 4

Correct Classification

dnsAnuLiuglunsIun = ( ) x 100 (5)

Total Classification

Incorrect Classification

ANANURANAIN = ( ) x 100 (6)

Total Classification

A3199 4 uansnaniIsMaasuUsEAnS A mn1seuYesnsud uiou ’umng
weundindu TnpagUrnadoruusiuglumsudasouta 3 vih whity 96.83% Feiiusyansnm
Anausiugoglusedui vimefiueundiaduanunsoudafouldgndosanniian WWud vivaosi
Igenaugnaes 99.5%
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A5199 4 NaNISNAERUUTEEYSANUDINTHILAB UK U UNSIATY

, Sruun i ANAMURAANANN  DATIANNNUG TUN1TIMUN
m AU (%) (%)
N 200 7.0 93.0
e 200 15 98.5
yiganaia 200 0.5 99.5
2AUTIINANITIVY

n1319eildadesrvunsadurimdeuvuisalmidmsunisquargeoigfae
fneluduazudufsunuueundindulal uagnisandivimadieved Ui vseyasene
Duasilasuanudealunisiuiuastaemdediae 1uszuuiensiaasunisguaquaind
ysannsiunwafnvesdumesidnuesasswda [7] finmhundssgndldluanumeualudg
nsguaguam relun1sinnugUie Yisannisyauvedgua [16] muuwummaww&um
fnsnsadurimensverutieivae warUszsnanavimsiingadu Wevimensaturia
fAfmuald 3 vivne seuudsdygrandadeuludafquariiumsueundiedulay Tunisiaun
u¥nnsulARIUNTEUIUNI TR AN LAY NSRS n1seenuUY wasiilUlE Lileld
uinnssueenunfusyAnsnin Snvlsszuuanaduvimsdenuuealnidmiunisquatiaeny
aedifluduasidsmourruiaundndulal daiunsinuss@nsnmeesssuu laneaeu
anugndaslurimenisnsaduluudasvirdiaianugndosiaus 93% Juld aeandosfiu
mATeifaunduessr Uiy Ussivs i lilunsyhssuvaunulumh wasdimaudaieu
nsin-eennuveIntinauuneUndndulal nan1svaaeulsEAvEn MTeIRITTUL Y
nsnaaeuauwsiuglunsseydanuii oifad oid1-eenaufi8n1519 confusion matrix
Mé“amﬂﬁ'vi’ﬂmi@fﬂuammaﬁﬁﬁﬂﬂﬁmmmQﬂé’faa (Accuracy) Aawdu 97.8% [17] uag
aenndestunuideisesnsanswirlleriiednnuiie i ingusrasdiilediomdesiiae uas
finsldf DiAdelud wag OpencV itoandmnaflouardsdoniuiluduoundiadulassadalud
FheAitanuunmsemisnsiedouln uazdinisliluna Raspberry Piuaziiuuns usluamide
14 Raspberry Pi waw Raspberry Pi Camera Module 3 szuuiisarlaluns Mude waznadns
wansliiiudsnruannsalunisnsiadurimedleldegraudug [18] nsudafiauru
ueundladulal syuvamnsauduiiounisverutisimieldediagnies aeandesiuamive
o9 ulsnsl uazany [19] 1304 szUUNMIUSAfioun1sdusdaasveiiion1sszyfnuLaziamg
n138u n1sudafouruweuniindulal m‘[vr;ﬂﬁﬁﬂmﬂsmmmsmmmmsmeauimw
azmnuarsniia szuuiiwaunlivineinsveani ssusiauafon wazUssansam
mshaugsdanuwiudilunssiuun aunsavhanuuuuFealnlld aenndesiuanidedi
nsldfiieludnisandimmadielunisiauueundiedunaznsldneuivuyudivnouiomes
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wvuiFealnsdfifianuutiugnga 120, 21] Hadsrednsenuagandmiudauadgeny Tned
naifeusetuuundintuiuguiifioglugunsaiindeuiivesnau shlwlideasousnislda
WAy Uszneufuvimalunisiesvernutiemdevesigeengduvimsiiefvilding mang
fuflgete Tuswananusauiiavimslunisiesvemnutiomde ielanzianzassieasidon
nsfesmennutiemdeldvainuaisanndeiiu uasUiulssmaihausiutussniysdiu
eufined Hrelunmsufduiudszwinaniesdnsiuggeeny wu selvidgeengdssugunsal
i 9 shemsliviimaiiolunslalel viegunsaldidnmsednddu 9 videuszgndltifeadu
naflninvedmsuggeenglagldviimade Snsduinenluvszgndldiuanudiudu
usninileannisquadgieny enaldfunsquaiiniiay fidanuuansownenislady §ad
AHUNNTBINNTHALABN A

#3UNaN1339Y

nsfneideildiaunsruunsaiuimisdiouuuidealnidmiunsquarasegdiae
Al warsruuudaioun1snsRIuTIMEnsHar U ke Undiatulal HiunsruIums
90NLUUEIUTOIEISAKIS UT2NoUAIe Uasa Raspberry Pi 5 iusaaiuauuszaiana uas
lugandeas Camera Module 3 lun15§unn diuvesszuuwIufowiNsuIuFeuNIuMNIeY
waeFUlald FuuuuL NI uNSE USRS kaY0RNLUUTEUY DNHUTRLNTE UL
asaduvamalsnvuilvalnddmsunisquargeengdtedidelud wasudadaunu
waundiadulat Aeuthluldnuldvhmannaeunisasadurimaiients 3 vi1 laesihnismeass
fiszoyvinesnnndes 70 lwURNs LarszaE¥IaRInndes 170 wufluas Tusunsuiiaugnéios
4 3 91 Imwhﬁ' 1 vinavdaugndes 93% vl 2 vhiduiarugnies 98.5% wagvind 3
‘wwaaam AUYNABI 99.5% LLavvmmmmﬂsvawﬁmwmaﬂmmamiﬁﬂuﬁvwmsmmw
v 3 v feganadaus L 200 A% nansAdeUYsE VB eduinaTieigeney
Tusen114 0.93-1.00 Tunnviwmegey anunsadrluldauiudaseeld wagnisuanavionie
vwadsdiaunanaiadou eunandums wassvosviaildlunmsiunw mndiszesviaiu
170 wwufuns wazanimwindenwatlidimigamneaaviliuisimessuuliaiunsonsiadu
vimsvesdeld TuswanerafimsthionlumanisiSeusidednifiaiin 1wy CNN uaz RNN Lile
YFuugsanuwiugrlunisduunyimia

finAinssudsenie
NuITeas AT uuganyunuITeandinnuauenssunsdLasuIne A1ans
Weuaruinnssy (@nad.) NuumIedesvigedng Tauussua we. 2567
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ATeliTngUsrasdiilefinwauandRvesdsssuminnfuunsiesduludmie
g51u93571 wazadnesdanufiilevaundundasasidfusssund Taoidendnmavlusune
WULWaLATSFAsRINNGNYAALT 26 (YaRusIEN) waznguynAudl 34 (yaRuiliuns) Jedlvud
LASLARLAY dmﬁué’f’sasﬁaﬁuﬁmmﬁﬂ 3 56U (0-10, 10-20, 20-30 LWURLUAT) TLASILH
AruanTRvmenmuazad Tiu ey mambunsnva Ansiliih dvdu Anwigding
uarnMIBainzuuiiufiveseyniadussiuuTufendonanssmibidnasounuudonsnuas
Anseuiosdusznauteshudemaliamadeiuuresisdidng (XRD) nan1sAnwmudn fu
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Abstract

This research aimed to investigate the properties of natural pigments derived
from local red soils in Surat Thani Province and establish knowledge for the development
of natural clay pigment products. Soil samples were collected from Phanom and Khiri
Rat Nikhom districts, focusing on Soil Group 26 (Ao Luk soil series) and Soil Group 34
(Fang Daeng soil series), both known for their distinct red hues. Soil sampling was
conducted at three depth levels (0-10, 10-20, and 20-30 cm). The analysis included
physical and chemical properties, including soil texture, pH, electrical conductivity, and
soil color. The morphology, adhesion structure, and surface characteristics of pigment
nanoparticles were examined using a scanning electron microscope (SEM). Mineral
components in the soil were analyzed using the X-ray diffraction (XRD) technique. The
results revealed that soil from Khiri Rat Nikhom exhibited high potential as a natural
pigment source, containing significant amounts of hematite, stilpnomelane, and copper
vanadium oxide, which contribute to a deep reddish-brown hue, particularly in the KRN-
A area. SEM analysis revealed diverse shapes and sizes of soil particles, affecting their
adhesion properties and dispersion on different surfaces. Therefore, red soil from Khiri
Rat Nikhom District, Surat Thani Province, which has a high amount of hematite and red-
colored minerals, and has an appropriate particle size, can be developed into natural
color products for art, especially in the KRN-A area, which has the most outstanding
properties. This will help reduce the reliance on synthetic colors, and provide a guideline
for using environmentally friendly materials.

Keywords: Surat Thani, red soils, natural color, art work
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Houny) eilnudvosiueglunguiuns Aduuns viediniouns duifufograuufussuy
(systernatic sampling) fimudn 3 sz Téun Aufafu (0-10 wufwas) Auldiafu (10-20
wufiuns) Audn (20-30 wufiuns) suuuunaiudeyauuuimdudy Sufindeyavesinadiey
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KRN-B 10 5.89 75 0 10.26 89.74 funilen
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Abstract

This research investigates the application of an object detection system on a
conveyor belt for sorting carton milk products. The study involves experimentation, data
collection on machine-based sorting processes, and the calculation of energy consumption.
The implemented system consists of a 5-meter-long conveyor integrated with industrial
cameras and sensors functioning as input devices. When a product moves along the
conveyor, the camera and sensor detect the object and send a signal to the PLC
(Programmable Logic Controller) to verify its accuracy. The system then sends output signals
to direct the carton milk products to the packaging department. The system was
programmed to detect three types or colors of milk cartons and was applied to the
production line in a dairy factory. The performance of the conveyor system was evaluated
at three different speeds: 0.2, 0.4, and 0.6 meters per second. The detection and sorting
capacities were found to be 1,200, 2,400, and 3,600 cartons per hour, respectively. The
system was applied to a dairy industry case study located in an industrial estate in Phra
Nakhon Si Ayutthaya Province. Based on feedback from the case study company, increasing
the conveyor speed beyond 0.6 meters per second could further enhance sorting
productivity and reduce production costs. The company aims to achieve a target sorting

rate of 6,000 cartons per hour.

Keywords: conveyor belt, machine vision, PLC, sensors
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A15197 1 Tufinuan1snagoussuunsraduinguuaeniunIsndn Ausa 0.2, 0.4 uaz

0.6 WIASHDIU

FuUnaasfifnuentd (naag)

AAS? (lAs/Auni) 0.2 0.4 0.6
szezaiily (Gund)

1.0 20 40 60

1.5 30 60 90

2.0 40 80 120
25 50 100 150
3.0 60 120 180
35 70 140 210
4.0 80 160 240
4.5 90 180 270
5.0 100 200 300
55 110 220 330
6.0 120 240 360
6.5 130 260 390
7.0 140 280 420
7.5 150 300 450
8.0 160 320 480
8.5 170 340 510
9.0 180 360 540
9.5 190 380 570
10.0 200 400 600
10.5 210 420 630
11.0 220 440 660
11.5 230 460 690
12.0 240 480 720
12.5 250 500 750
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A15197 1 Tufinuan1sna@oussuunsraduinguuaeniunIsndn Ause 0.2, 0.4 was
0.6 WASABIUT (51D)

uUnaasfifauentd (naag)

A5 (WAS/Aui) 0.2 0.4 0.6
saLa Y (Auni)

13.0 260 520 780
13.5 270 540 810
14.0 280 560 840
14.5 290 580 870
15.0 300 600 900
15.5 310 620 930
16.0 320 640 960
16.5 330 660 990
17.0 340 680 1,020
17.5 350 700 1,050
18.0 360 720 1,080
18.5 370 740 1,110
19.0 380 760 1,140
19.5 390 780 1,170
20.0 400 800 1,200
20.5 410 820 1,230
21.0 420 840 1,260
215 430 860 1,290
22.0 440 880 1,320
22.5 450 900 1,350
23.0 460 920 1,380
235 470 940 1,410
24.0 480 960 1,440
24.5 490 980 1,470
25.0 500 1,000 1,500
255 510 1,020 1,530
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Abstract

This research emphasized on create a model of the expansion of the small
universe and study the physical characteristics of the expansion of the small universe,
including a comparative study with the theory of universe expansion using balloon
technique, which is an easy-to-find material, cheap and convenient for
experimentation. The research results found that the experimental data were
consistent with theoretical results. The regression velocity and arc length show a linear

relationship that corresponds to the equationv=H (t)/. The change in the value of

R(t) 1
the Hubble constant over time is given byv:%:gt. The change of arc length
t
. . . L 30 FR—
between two points with time (seconds) is given by l(z)—[z 4—6{,}’. Finally, the
T

analysis of the motion of objects on the surface of the balloon expansion found that

the experimental results were basically consistent with the theoretical results

5(£)=0.0316(2')’ +0.0004(* ) +0.0027

Keyword: balloon, Hubble law, universe expansion
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