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: ASS. PROF. CHATCHAWIN NAMMAN, Ph.D. 

KEYWORDS: SMART FLOOR, SENSOR, ELDERLY 

This research aimed to deveLop a prototype of a smart floor for senior citizens. 

The smart floor uses sensor technology to measure weight on the floor to identify 

the Location of the eLderly citizen and to notify when irregular events have occurred 

on the floor by using the average weight from the sensors in each position. Load cell 

is used as a device to get the weight data. The microcontroLLer called Arduino software 

is primarily used to receive and send the data through ESP8266 to the cloud database 

by appLying the K-Nearest Neighbor method in order to find the nearest position. 

Four boards and 16 classes were classified. The tests were divided into two types. 

1) The first type consisted of 40 learning data sets, 10 test data sets. The second type 

consisted of 30 learning data sets and 20 test data sets. The experimental tests were 

conducted to identify the accuracy and precision. The findings found that both 

the accuracy and precision was at 100%. The assessment of abnormaL weight on the 

floor were identified by graphs which obtained exaggerated weight vaLues. The system 

releases sound aLarms to nearby areas and dispLays notifications on the web application 

for users. Therefore, it can be concluded that the developed system can be used 

as a smart floor prototype for the elderLy. The location and position of where unusual 

weight exists on the floor can be identified by using weight sensors Located at every 

position. 
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'VI1il'!'U L (Aoino Society) 
\J " v " ::, :" 

(Aged Society) 20 [1] 
'\J \I q \I q 

1 'U'lb Ll?ltJa:w'U'Sru (Aoed Society) Ll?lml1fl-ifEl:WGl 
'\J v 'U'tI" 'V 'tI 

United Nations World Population Ageing Y1'U';h 2552 

bLGl:::1'Uu 2560 '<il:::LtI'U 
'U 'U , 

'Sfl1 'U'U , 

L b m ;111 LLGl::: 

1'VIEJ L I?lL b'VIlill'VIEJU 2556 
'U , 'U 

64.6 al'Ufl'U 9.6 al'Ufl'U fl11?l111'Uu 2573 
'U 'U , 

17.6 al'Ufl'U 26.3) LLGl:::U 2583 20.5 al'Ufl'U 32.1)
'U 'U , 

1-&''1ill?1 'UUI'U LLGl:::'UElflUI'U
'U 'U , 

1'UEI'Ulfll?1 VII nhJ,j -u'U'1i11?11 mEJ q '\J 'U 'U q 

b EJ mlil bnl?l'<illflalbVlVlf11'Slhelbbad biil?l 

b 11?lEJ f11'Sb EJ q q q , ttl q 

61 b b LLGlI 'I q ,",\I "\J '" 'U 

1mbbI?11lJal:1J1'S" L

1'UU'<il'ilU'UlJi'ij'U1 1 vim 1

llJij'S:::'U'U f11'SLb lJi' LL'U1fl1?l1'Unl'StllLtl1 b 'VIfll'U 'VIEI-S Lil 1?1"lJ 

1Y1'S1 1

1'lJ1 m'S:w1'U f11'j
q 'U 'U II 

I V ,.J,J'CV.o:::\ 11 I ,deJ Q 

61 "lJl:Wl"1ld 
I \J " " 

61 'U'U , I 
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'U'Vl'Vl 2 

1 11 u mruB"iJ li)Vll 

"1 'Vlf1b

, 

2.1.1 (Smart Home) [2] 'Vlf11 U "1 

.fl1 1 UU1U b Ii)1 n r;) BIi)Jl 8B 1P1 1
\J 'U V" 

"1 U1U Smart Home 
" 

1 b b'Vl1"1 61I'UiBu v , 
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2.1.2 Internet of Things (loT) [3] , 
, 

(ITU, 2012) f1111 "Things" 

1'U Internet of Th ings 

b'll'U , 

1'U"lh.:J bb u'U B b u'U (Stand Alone) hi b:aBlJ 

b 'lJ 1 BlJ 'VlB1bU(}1 
OJ 

INDUSTRIAL CONSUMER 
Intetf'l t or Thif'lgs tn tem t of Th ngs 
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21.3 (Load CeLL) [4] , 
1 btJ tytylru'Vll,:j 1 yJvh tytylru'Vll,:j 1 -rr

f11btJ'UJ1'V1'1! 1Jll Strain Gauge 

(Wheatstone Bridge) 

1 b bfl'Vl bfl'VliJ nl",j1off l,:jtl'UeJeJn1LJ 1Jlbbn 

m",j.a-,:jJ1'V1'l1n bb ",j,:j<tlm<8'U-ll'U -rr l",jtJ
'V 

<8'U,:jl'U (Press Fit) lCJlil , 
1:W' (Strain Gauge Load Cell) 

b.fl'Vl.Qn f1 eJ eJiJ J 1'V1'l1n:lJ1 (Strain) b CJ'UbtJ'UfIll:IJ\ll1'U'Vl1'U'Vl1-l1 1 

4 (l-l"il",j Wheatstone 

Bridge Circuit) 1'U m-rrlJllCJn'Ub eJ1off bb 

<tIeJ,:jlJ'U 1 1

'Vl1.hmtJ'U mVN 'VI:IJ1CJfldl:IJ11 10 Load Cell Spec. 2 mVN Full load 

?I:lJl.l&l11Jl'V1'l1mtJ'U 2,000 m(ln1:IJ Load Cell Full load 

20 mV "1 0 Kg =0 mV 1000 Kg = 10 mV 
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Single 

Point 
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End Shear 
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fl11SJIil,hml'n 

25 - 500 

n1M1lJ 

0.2 - 20 til'W 

0.5 - 500 til'W 

0.25 - 10 

10 - 50 

fl11SJ 

L\19'1f1'H 

(FS) 

0.02% 

0.05% 

0.05% 

at tV 0 Q.J

Lfl'Hl(l'1J'l'W1'V1'Wfl 

LL'U'U U.'rU'l \91 W'EJ'llJ , 

, ... 

0.03 % 

0.03% 

0.03% 

0.02% 

.-
• 

.. 
'111 'VIUflln n "l L'Ii'W 

'ff(l,.,,'U,.,.V1f1 'ff.:Jcl.:J, 

t

Hl1l?i'V1(1 

.-
1"1"tJ'U fl ,,:U'I11'V1Un, 

1W11,. 

till Load Cell 

i.I dq 

hJI;'1(1lJ1f1
" 

" 

" 
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Sensor Amplifier (Load Cell) Arduino 

Dioital 24 Bits nth1Jl1off L 1 n (Load Cell) 

Brid'5e 

2.4 'N:()';i Wheatstone Bridge Quarter Bridge Strain Gauge [5] 

Wheatstone Bridoe (Excitation+, 
Excitation-) Analog Voltage (Signal+ 

Sional-) L L u'UI'i'e:J'Ii1e:J'\Jmru'lltJltJ :::, q 'V q 

61qJqJ1ru (Amplifier) HX711 

1'IX Arduino 

2.1.5 fih1'W.:j U (Buzzer) [6] L U 'U e:J, '\J n 'IX n1 L tJ'I vi1 L'\J tJ 'U 

61ruru1ru1 yjvh1 'W'ID"IJb"lle:J4 (Buzzer) 2 
v 4.J 'U 'V v v 'U 

e:J'U 1yjti11b'ih1'\J 

2.1.5.2 (Passive Buzzer) 

fie:J e:J'U bb 1yjti11 'I boV11 tJ '11:111'i'e:J'I 1'lXi161qJqJlru e:J'U 

b'ih1'\J e:J'UboV11J1 

1 bb tJ'U'W1 1J1Hl tJ 'I 

bb 1'll1 n&i 
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2.1.6 (Cloud Server) [7] Physical SeNer I 
n'Uvll'll'U1 f16111 ii b 1 'iJ1 (Cloud SeNer) 1 n1 ';i 

1'UTUbbUU Virtual SeNer 
" 

(1) SAN storase bthlffi l'ci'lwrUbtlu-rrmJ61bbri0i'l1'U'Vlnfl'U 

(2) Physical SeNer I 
bb 'VI'U

(3) HypeNisor bU'U Software b'li'U VMware, Hyper-V 

Physical SeNer f111:JJ611f1'1:!'Il'iJ'l HyeNisor f)'iJ Virtual SeNer 

(4) Resource Pool CPU, RAM HDD 'Il'iJ'l'VIn'iJ'lJn';iru, , 
(Physical SeNer, SAN storase) Cloud 
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(5) Virtual Server Me:J Server 

Resouce App nu OS 

b?liie:J'UbiJ'U Server 

2.1.7 Firebase [8J Hosting backend 

Google bfli'U

bfli'U11Xiifl ruJl1'W Firebase bt!'UmJvh API 
q q q 'tI 'U 

UU Realtime EJfh1

Database 

Storage 
Firebase • 

Microcontroller 

mJ1 1'U n'U Firebase m JbnU-rr f1 m JlJ m J1 eni °1 

Feature 11'U Firebase 

Crash Reporting, Remote Config Notifications f)e:J mJbnu 

-rre:JlJ(;'1e)(911 Firebase Notifications notification tJ b'1i'U , 

VJn Platform b'1i'U Angular JavaScript, Node.js, iOS/OSX, Java/Android ,REST 

iOS Developer, Android Developer Web Developer 

2.1.8 (Classification and Prediction)
'U 

2.1.8.1 (Lazy learners) [9J 

?I (9)1111 bb 'U 1 e:JlJ (;'1 e:J (91 1 b iJ'U n1 J bY; bbf1 bnu-iie:JlJ(;'1 bVl6'i 11 
\I q \J q 'U 

J hHu -ii mJ 111 bb'U n/vl1'U1EJ VIm e:JlJ (;'1 b 1 b iJ 'U n1 J 

1 iJ'U t;'\ 1 b iJ'U mJ'Vl n ., 
'U 'U \J <I I 'U 

bb 'UnVllJ1 b e:J1 In 1 bb'U n/vl1'U1 EJVllJ1 (;'1
\J 'U 'U \J 

mJ 'U bb UU b n EJ n1J1'11'U1 rubU'U 111'U1 'UlJ 1n EJ e)(;'1 m Jvl1 mJ 
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k \ill (k-Nearest-Neighbor Classifiers) (Case-based reasoning 

classifiers) k \ill (k-Nearest-Neighbor 

Classifiers) lJlH1'U mJlil1 bb'U n-ifBlJ" btJ'U m J b mJ b mJ b VimJ n'U J b J rlrl B 1 

bb nu b 1 nlJ 
'" 'U 't '\J 'U 

b'\-1ijB'U B -:J n'Ul'll m J'W'<Ill J ., -if rl bfi 
'U I 'U' 't 

K \ill n-ifBlJ BlJ n 1 '\-1JJ B-ifBlJ" 
'U .. 'U ,,'U 

(input query instance) , 
K \ill K \ill , ., , 

n 1 K b tJ'U\ill'UB B-:J mru (Case) B-:Jfl'U'\-111'UmJvllmrul'\-1JJ 

K-NN 11'lbbn l-NN, 2-NN, 3-NN, .... K-NN 2-KNN 

2 (2 Nearest Cases) 

n 1 '<Ill nUB 1LJ'\-11lJl n 

K \ill Euclidean distance , 
I Q.I 1.1 Q.I , Q.I I Q.I V tI 4 Q.J i.I i.I..::::j I 11 " 

2 " , 

Class B, 
, ,-------

,, ,, , · , · 
,, / e\ · ·,,,,,, : : , . ,, 

, 

. 
, 

." 

, 

e'/ •. 
, " k - 3 " , "",/ .............. _=--, .. '-'  

, , 
"" ' " k = 6 __ ,// 

....... _------"  • 
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2.1.8.2 (Euclidean Distance) [10] 
"IJ 

II (2-Dimensional Space) 

?lllJ1JCHl'Vl'U1Ji'Ji'lC1fie)'UIil'lJ A = (xa, ya) A = (xb, yb) 
"IJ  "IJ 

A B 1"11wrulJi'Ji'lC1?1lJmJ (2.1), , 

(2.1)  

x = (0 .5, 0, 0.15, 0.7, 10) 

Y = (0.11, 0, 0.15,0.07, 12.2) 

(X j - Yj)2 = (0.5 - 0.11)2 + (0- 0)2 + (0.15- 0.15)2 + (0.7- 0.07)2 + (10 - 12.2)2 

= 0.15 + 0 + 0 + 0.39 + 4.84 

= 5.38 

D =.JS.38 = 2.31 
"IJ 

2.1.9  

Confusion Matrix [11] l'U'Un1Jln'U 
"IJ ,  , 

-ue:JlJ(lVi bnm n'U mJbl mJv11'U1CJ Ji'1 mJll lW n 
"IJ  "IJ"IJ 

(1) True Positive (TP) 

(2) True Negative (TN) 

(3) False Positive (FP) 

(4) False Negative (FN) 

2.1. 9.1 (Accuracy) 
"IJ 

TP+TN 
Accuracy =------ (2.2)

TP+TN+FP+FN 

TP 
Precision  (2.3)

TP+FP 

http:0.15,0.07
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II2.2 

LlJ511Ylli rllL'W'll:::: (2557) [12] 1-ti 

b'Vlfll'U
q 

'l::::'U'Un?111J1'lmb fll'UfllJeJumrumtJ1'UU1'U, , 
Ricardo Goncalves and et al. (2018) [13] RFID \llnm'l 

1) -deJ'Ib"1l'll:lJfl !:-J6'1U'lln£r:h 

'l::::tJ::::'Ir11'1m'l11'1bbVi'n RFID 1niKn'U1J1mn'U 1 tlJ'\I111 RFID reader 

eJl 1,J t1 n eJ.:J bb,J 'U cil b fll 'l 2) €J 5'U 1 tJ 15 'I €J un 'l ru RFID bb6'1:::: b?1'U €J"lJ n1 'l'Vl eJ 'U , , 
€JU'l::::dJ'UfldllJb u'U 1 'lJ eJ'I bb 1 'U6'lJll'W 'I ,3) i m'l'l::::mhbbVIti 'I bb6'1:::: 

bvJ?11 6'1 €J'I '1'11'U () €J, 
-d€J'I1,J bU'U !:-J 6'11'U m'lVllf11 b-d€J'I 

Lih-Jen Kau and et al. (2014) [14] 

6/1 '11off b'VlflU fl m 'l m€J.:! qJqJl ru bb 'U'U High-Pass Filtering Discrete Wavelet Transform (DWT) 

SUPPORT VEGOR MACHINE (SVM) 

92 450 -rr€JlJ6'1 
'\J 'U 'U 'U 

Ludovic Minvielle and et al. (2017) [17] 

b'VlflUfl Random Forest and an aggregation 28 fl'U 

25 - 45 

b'Vhn'U 98.4 

Ben Heller, Terry Senior and Jon Wheat (2017) [18] 

1 'U'UYr'Ub 1

'l'l m::::'Vl'Un'UYr'U €J.:!'V111 'l1'U m'l bn'U fll1lJ, 
'U'U1m1 61 q q I q 

364 ± 43 V bb6'1:::: 9 ± 1 , 
238 ± 17 V bb6'1::::m::::bb6'l1vJvh 2.4 ± 0.3 

Amman, Jordan Leicester (2013) [15] , 
1 m'lUl b€J1b"1l'U n'UYr'U b -.5''Ubb6'1 f11 GRF b VllJ 1 ::::?1lJ 

1 bbVIti 'I n 1'l11'1 bb6'1:::: nl'l n ltJ(9]l'lJ eJ'I b"1l'U b"1l eJfl 1 bb VllJ l::::?1lJ €J'IrllU'I 15.:JU 

m 'l 'I'll.:! l'U"1J€J'I 'l:::: 'U'U 6'1 'l, m 'l 'l::::'U,(9]1 (91'U 1 n b "/l'U b"1l eJ m'U n1 'l'Vl 6'1 €J'I n 1 'l (91 'l 1 VI 1 

1lJbfl'U 11.76 bb6'1::::, 
1.5 byh 

http:U~h~n'Vl~nijf11~n~'U.Jl
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Angel Ramos and Antonio Lazaro [16J (2014) RFID 

1 1 bb Vln RFID 
I V , V I • 

b J ruYi'U mJ m -ru Alb "il t9l1 bL VttJ\lU'UYi'UVl(1 nl'i'e:J\I m.J'U 81;\I"illn (;l, 
2.4 GHz 

off\ll'U

, , 

VtlAlt11VtU 1'U 1m'U 

1'IJ 

-.  



d 
'U'VI'VI 3 

'IJ e:J 'l1 tJ tJ fll1 \9ll 'U 1 c;1 'U 1 tJ tJ tJ 1 fl e:J tJ 1 tJ 1 tJ ®' 1 bb 1 bb ;;1 '(j e:J y.J bb 11 bb 'Vl ?I e:J tJ 

fl11vll'l1'U tJ fl11 bntJ11tJ 11:lJ6UmJ;;1 tJ 
" 

Result 
--+ 

3.1 , 

\J 'U ' 'U 'U 0.3 \J \J 

tJ fl11Ul b'VlfloU fl bfl btim16'1 b'Ub (K-Nearest Neighbor) m1-lll'U fl11vll'Ulm 1 bb '\t1,j'l, 
4 

'U \J , \J 'U 

1 5 '\t1,j'l 1
" 

20 4 
" " " 

(Cloud Server) 
" 

(Web Application) , 
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4 & 
3.2 

80 x 80 4  
(Load Cell ) 5 2 1  

(Load Cell) 20  
?I'IfhhJiT'I Firebase  

, " , 
3.2 

" 

1  

IBoard A : 

•3  

1  

I Board C : 

•3  

4  

, '" \J , 

I Board B 

•3  

I Board D I  
•3  

5  
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10 SENSOR 

d 
') 1 fUl1'l'fVl 
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.. 
'-_C_l_O_u_d_s_e_rv_e_r_---'1 I Web Application 

, 
:;JlflJl1'WVl 3.4 3 191'llJ 

'\J 

(1) lfIJfleJ'U 1 ViJ (Load Cell) 

(Load Cell) 
v v 

Arduino 1'UfllJel1'U1"11 

(2) (Cloud Server) Arduino 

1:ulfIJfle:J'U1Vi J bfl e:J ESP8266 ;'lv11V1'U rulrubfl e:J'1l1 (J H?ll(Jbvl e:J Df1'I v v '\J 

(Cloud Server) 

(3) fll1v11'l1'U'lJB'l Web Application (Cloud Server) lJl1i 

1'Ufl11D fll1r11'Ul rub VltJ'l flliI"11J1V1i! flLn'U1'll, 
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Sensor Node Module 'tItJltJ';yrurulru., ., MicrocontroLLer Cloud Server 

GND 
E+ 

5.5V
E-

Load Cell I- DT 
A-

SCKA+ 

t 
ESP8266 I- Firebase 

3.1 11i1 v1-!1d  
Sensor Node  , 

"1JtJ r l tJ 6lqJ qJl ru1'UnlJ'lil tJ n (1)l:IJ1Jl'oill n nlJ IIJ -!I 

'oillmT'U1 m1tlJ tlJl ru'til CJ1'U nlJ6'f -:jfll1 tJ nJru1 (1) 

l 1

Module '1JtJltJi1tlJqJlru 24 U\1I (ADC) 

€J €J nbl ell'Ufllt1lVfL1n l (1)J -!ltlU 

HX711 SV Serial Pins DT SCK 

Microcontroller 'U d'oil l U 'U 1 'U it 'U f1l J-ru 'if eJ JJ 'oil 1 f)b6lj'Ub"/l eJ { 1 off 6l'U tlJ 1 ru 

B'Ul\1l eJ4ltJI'11 'U fllt1lVfL1n 1 tJ l:111 1 eJ 1 (Cloud Server) J l eJ 

USB Port 
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3.5  eJeJnbb

1 nmJ 'U1 mrul'l'U bb uu,  , 

Load cell lbtJU Strain Gauge dJ'lWIl'Ul"lle:Ji 

Load cell Sensor 
-ru A1J1VI '11 nbb 'j 'I n 'U 

d , , < < ••1 < dOl. 1bOW e:J?f '11'1 e:J b le:J'H ow e:J'U 1 u 

1
" 

HX711 Weight Sensor Amplifier 

Amplifier Module Load Cell 

(HX711) Arduino Digital 24 bits 

2.6 - 5.5 Volt 

llJlflfle:J 1VI e:J ivl1V1,j 'U 

-rrm,j 6'l'OJ1 1'1 '1 'U'Il'Ul 

Arduino Uno e:J U n ru?f llJ 1 f1 b; e:J lJ eH·h'U USB Port, 
1 'Um'j-rU?f'lAl 

ESP8266 Wemos  llJ lflfle:J'" 1 Vl6'lL6'l€li ESP8266 

Ut11m1.ff'l1'U1 n 
" 

Arduino 

UfJ'Ifl"'11iib68iyh
" 
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Buzzer 11 oUt 'U.:! l'Ui EJ v11.:!1'U b 'VliiB'U 'W.:! 

'1J'U n EJ.:!l'Ui oUt 'U n11 bb \l 

B\lJl'VlU b tI'U n11 bb \l 

... 
3.6 

" 
1 4 bb'U'U 

" " " 
3.6.1 n11bnu11'U111JiB1J6'l'\nnJl'VlU bb 'VlU.:!'1JB.:! EJ'U 

" " 
40 bb'VlU.:! b 1oUt 'U B'U 'U 'VlU.:!'1JB.:! EJB \il1.:! 1?111J'UB 

'tJ 'tJ" '\J 

A B ( 0 3.5 

29 
12 Al 

eOARDA 

Al 113 

2S 

9 A·I 

18 

27 82 
BOARDB2J 

B1 31 
L . [ ,' 

15 2137 

32 84 
-. - _._ .._---

19 Cl 
30 

21 02 

BOAROC 
3S 16 

39 H 
BOARDD 

03 
Cl C3 01 !5 

17 35 6 
34 ,:4 26 

04 
11 2D 13 21 

dOl tV 0 Q.J cA iI 0 I () CV 0 

.fll'W'Vl 3.5 1?11 1tJ'U1 40 m bb bb, " 

3.6.2 n11 bn'U11'U 1nJl'VlU 'U bb 'VlU.:!'1J B\l b6!l'U n11 EJ'U 
" " o l.d 0 I .:::f Q.I

40 mbb'Vl'U\l (Class) 3 m, , 
16 flm", (Class) A1, A2, A3, A4, B1, B2, B3, B4, 0, (2, (3, (4, 

OJ d 
01, 02, 03, 04 3.6 
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29 17 B212 A2 

'lOAR!' .. IlO ·4O·d 
81Al 38 A3 31 14 

18 15 18 2l37 
9 A4 B432 

30 .-
)J 02C2 

80ARDC BC"P' 0 
19 

39 333S 16 03 
CI C3 01 25 
}Il 17 'h ti 

lb34 :4 
04  

11 20  ,3 II 

10 (Class) 

3.7 

3.6.4 fl1 ':i lnmlu ':il:JJ-rrB:JJi:11i) 1mll 'VIU Ii) 1n t9i' III'VIti l6IJ'U l6IJe:J 1?fl'V1-rU fl1 ':i l 8 'U 

30 l e:J1-til 'U fl1':iV1(91i:1e:JU U e:J-:J eri:l-:Je:J1CJe:J1P18e:J (91':i 
'U '\J" 'U 
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3.6.5 mYlV1'11 1..1 bbl'l bbViti 'l"U€J'l b"1Jt! lV11''U f.Jt! v v 

30 (9)lbbVlti'l (Class) 4 'JU1'l8 1 , 'v ... , 
16 !"Im?f (Class) A1, A2, A3, A4, B1, B2, B3, B4, C1, C2, C3, C4, 01, 02, 03, 04 3.9 

12 A2 ,. 7 82 5 

18 
eOAR[I ... 'IOARr s 

Al HJ A3 23B1 .. 
1521 1729 

9 M 24 B4 
'-

22 DZC2 
BOARDC SO'P') 0 

1517 
D3 

C1C1 01 19 

28 b 
7026 ::4 

D4 
!l 16 "3 

20 (9)1 bbViti'! 11..1 f11'JVlVl?f8'U f11'J:Jl bb1..1 n'U€J f11'J:J 1 bb 1..1 16'1 (Class) 11 b

3.10 
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BOARDC 

3.7 

3.7.1 (K-Nearest Neighbor) 
" 
Python Python AEJ'W.rrl(J

" 
(OOP) HhJl library

" " 
Data Analysis m1-rrAEJ NumPy (array) 

1 operation 

(K-Nearest Neiohbor) 1'W(Jl'Wl EJA ::. , " 

(1) 40: 10 tT'WAEJ 40 
, 'U "'U 'U 

HbVlA'UAbAb-um (K-Nearest Neighbor) 

4 (Class) 16 Am?! (Am?!) 10 , " , 



2S  

If 
Ii ... .. 

.a..\ItDIt .""""." ., O. 
• 0  

" ..  

'"  I' 'R .. 
M 

OJa 
teI .... D( ,. " aWlJl>o 

:, 0) 
n "" 01 ,. ., 

.. 1.;..& '" ... 
).; " " , 1 ' • " 

(2) 30: 20 30 
q 'U q \J 'U 

1ob'LVlfliJ flLflL.u m16'1L'UL'U€Ji (K-Nearest Neighbor) 11..1 m1n
" 

4 (Class) 16 flm?! (Class) .. "ill'U1'U 20 , 'U , 

, 

(Class) 2 
q 'U q.. 'U 

40 30 
'U .. 'U 'U 

S 4 (Array)
, 'U 'U 

... d 
3.13 -3.14 
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27 

40 20 

"illtlltl 4 (Class) 3.15 

1'lJ 

40 VltJ.:J 1 40 VltJ.:J 

4 4 A, B, C 0 

3.16 1'lJ 

2 bbUU W1.:J.Q
'\J 

1 2 bbUU 

61 3.17 
, 't '\J I 
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bfl b{JEH ';ii;'fbtJ b'U e:d (K-Nearest Neighbor) ltJl ruvh1 f1(;11?l (Class) e:d (1) 

'llB'IdilbbVlti'l'll€l'l11?)f;)11'l';l1embtJ f1m?l 84 'U€l1(1) 8 mhlf1€l 'U€l1(1) 8 
, '\J , '\J 

I U\JWlJil{ 

Realt ime Realtime 

d"" ' K 
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"illnnl1 e)'U1vrnJ nth:::nmJJi'18 b

1 Vl1 1 Realtime bb,,:::m11.:Jbb?\(il.:Jnl1'!'IJ,11V1un
'U 

3.9  nl1'V1 

b u'U nlWI(il?\tl'IJ 1nl11(il'lJ 'IJ 
'U 

2 .3 rhVl'U(ilfl1 

(1)  True Positive (TP) fitl 

(2)  True Negative (TN) fiv 

(3)  False Positive (FP) fi€l 

(4)  False Negative (FN) fi€l 

3.9.1 (Accuracy) fi€l hJ 
'U 

nl1 bbU.:JbtJ'U 2 bb'IJ'IJ 
,  'U \J 'U 'U 'U 

3 .9 .1.1 VI(il?\€l'IJfi€l  40: 10 ?lllJ11tlbbVl'Urll1'U?\lJnl1 

TP bvlltl'IJ 10 "illn-ii€llJG1V1(il?\€l'IJ 10 
'U 

TN bvlltl'IJ 10 "OJlnoU€llJG1V1(il?ltl'IJ 10 IillbbVl'tl.:J 
'U 

FP bvlln'IJ 0 1:wljoU€llJ{;'lvIT
'\J 

TP+TN 
Accuracy =------ (3.1)

TP+TN+FP+FN 

10+10 
Accuracy 10+10+0+0 

Accuracy 
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3.9.1.2  30: 20 1 ?11l.11':imb'Vl'Ufh1'U?1lJn1':i 

TP b'Vlln'U 20 20 
" 

TN b'Vlln'U 20 20 
" 

11

FP b'Vlln'U 0 
\J 

TP+TN 
Accuracy  (3.2)= TP+TN+FP+FN 

20+20 
Accuracy = 20+20+0+0 

Accuracy = 1 100% 
\J 

3.9.2 Filf1'Jl:IJU:l.i'U£11 (Precision) vhh 
(J bbD\lbU'U 2 bb'U'tJ 

'\ \J '\J  'U V 'U 

3.9.2.1  40: 10 1 ?11lJ1':imb'Vl'UA11'U?1lJn1':i 

TP bVlln'tJ 10 10 i11bbVlll\l 
'U 

TN bVhn'tJ 10 10 i11bbVlll\l 
'U 

FP b'Vhn'U 0 
\J 

TP 
Precision TP+FP (3.3) 

10 
Precision 

10+0 

Precision 
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3.9.2.2  30:20 1 C11:lJ1,)CHl 'WC1:lJ fl1') 

TP l'vh fl'U 20 \11 n-Utl:lJ6'l'Vl(9)C1tl'U 20 1llVlU'I l lln'J:lJVh'W 1 CJ 
" 

TN l'Vhfl'U 20 \l1n-UeJ:lJ6'l'Vl(9)C1tl'U 20 
" 

'11
FP b'Vhn'U 0 b 

" 

TP 
Precision  (3.4)

TP+FP 

20 
Precision = 20+0 

Precision 1 100% 



d 
UV1'V1 4 

1 2 

1Jlbbr1 -r'U - .:J-ifmJ6'l b"1leJfl'lJ cJ.:JhJlfl eJ'U1 b6'l eJ{ bb6'l n1
" 

1Jl-r'Ut11VltTmnnbb 1'lJcJ.:J 

rulru1 eJ6'l 24 bit b 1mlJlmfleJ'U1 b6'l btl'll v v v v 

tft i.:Jl'U Loadcell btJ'U bb
q 

1ifllmin'U Module HX711 Arduino 
" v v 

ESP8266 wemos 1

Cloud Server 

n 1 1 'U1 'U bb n b tl'U 'U1'U n 1 eJ lJ 6'l 'U'Vll.:J CJ eJ'lJ n ru VlUlvl1 'U n 
" q 

Rl!acii!l1J1 : 0.00 l:q -> Readinq2 : 0.00 \:g -> Readinq3 : 00 \:g - ) Readinq4 : 0.00 \:<;1 -) ReadtnqS : 0 .. 00 k9 : 
Reddingl : n.S1 k\l - ) Readinq1 : 1). 00 kg - ? Readlng3 : 0.0<) kQ - > : ,LOO ;:;9 - ) Readin¢ : 0.00 1;9' ; 
Re adingl : 30. kg - ) Readir.g2 : 'J . 00 I:g - ) Reading3 : 0. 00 I:g - ) Readlnr,;4 : 0. 00 )('1 -) ReadingS : 0.00 .:9 ; 
Readin'Jl : 71. 05 I:q - >- Readinq2 : 0 . 00 I:g -> RMding3 : 0 . 00 kg - ) R"adinq4 : 0.00 1<'1 -> Readlnq5 : 0.00 kq : 
Readinql , o. oe, icg - ) Readlng2 : O. 00 - .' Reading3 : 0 . 00 \(<; - ) Reading4 : 0 . 00 1:9 -> ReadinQS : 0 .00 kg ; 
Reaciinql : l:q - > : 0.0 ': kg - ) : 0. 00 kg -> : 0. 00 kg -) Readinl/5 : 0.00 kq 
Re.adingl : 35.91 kg -> Read:'nq2 , 0,(, ', I;g -> Reading3 : 0.00 kg - > Readinq4 : 0.00 kg - '> ReadingS: 0.00 )('0 ; 

Readinql : 55. SS kg - > Readinq2 : ;) .00 kg - ) R..ac!inqJ : 0. 00 kg -> ReadinQ4 : 0.00 kq - ) RudingS : 0).00 l'Q ; 

http:Readir.g2
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4.1.2 (Cloud Server)" ..." 
LJ 8-:1llJlmfle:J'W 1 -:l1'l e:J1LJ8-:1 \il'W-1Ie:JlJ " " 

(Cloud Server) 10 

Set 1 - 4 10 Sensor 1, Sensor 2, Sensor 3, Sensor 4, 

Sensor 5 4 1LJbnuH 
" 

GJ ' " '. • I .e ', ''of o 0 

5mlesp32 

a StIll 
] 

a - Set2 

Set3 

SMsor!: 8 

sensor2 : 4, b 

- sensor3: SE 

, "ensor4: e 
sensorS: \J 

Set4 

sensor! : G,: 

5"nsor2: (j 

e, 2 
' - sensor4: 0 

tensorS: If / 

f11 bb Vlti'llLJflml (Cloud Server) fib ntJ 

Hosting 1-11 FIREBASE DepLoy " 
4.3 SET SET 5 , " 

bb UtJ J·son b e:J -:I'<iJl fI"U 1?l-1le:JlJ 61-:1 lJ "U'W 11?l f1 \ll'W"u e:J \I J·son (;11lJ 1 t:l1U \I-Ue:JlJ , " " 
VlmmLJbbtJU yJrl1 4.4 

" " 
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nfde:ine FIREBASE_HOS'I " 3 :esp 3 2. :irebase:ic. CGrn  

ide:ine FIREBASE AU!H "E  

de :ine WIFI SSID " No- Internet aCCe3S" !/SSI D WIFI 
Ide: i ne WIFI PASSWORD //PASSW R) 

setfloat f 1- r i rJ }J : 1e ',il" l1 dJ ) ; 
: [1 ]); '- "", {1 0 ) : 

' .!'!:) ,, : r 1- r ::( 21) : "'.:::".' (1 01; 
Fir.ba•• . • etnGat (· S.,i "" P JI; i':" , Cl 0j ; 

'l.... (10); 

5t.a t i cJ.lo!"1B)Jf ] sonBuffer  

JSOilO:>ject" l'OOt :; )sonBuffer. >.. "':" . -: 0 :  

=OOt( " t = ge-tTi---.e{j; 
Firebas':.push ("S<.? cl", 

:1'.:;:rl.'; getTime ( ) I 

4.1.3 Cloud Firebase 1'tJfl1'l1-if.:Jl'tJ Web Application 

Host Cloud Firebase 

Database Ii 

t.mfupJl 

a '5.t1 

0- Sel 2 

a- SoH 3 

a- $(.14 

", . 

o 0 

4.5 Firebase 
... 'U 
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4 ID 1Vi'n'Ub"ll'Ub"ll8{ 

1"11 sum A8 time A8 , 

unique key -----.).j. -!.okSPA83Vi3N_.RyKtOm I 
; .. sum: 1 ,24 

- time: 'n , 47,5 

... -lokSPyFIOmSD99Dbo9x 

r- sum:!, 52 
!._ .. - lime: -22 ,48, 

- ·lokSQm4F7tmeOVXE74F 

L", sum: {) 

, time: ' 22 ,48, 

D ' ·lokSRumgCweBRyqAdHa  

D-;.l okSSPOb.M3pdKhJihE + If- 

D . -lokSTCZOaW3r4OcWYRe 

D . -lokSUOI3d1XKOMEAaLu 

D . -lokSUp7BqtVHrzV· lllX 

D . -lokSVdqVyqfzXvExM3A 

D - -LokSWRo3Hc8fNSm9Sny 
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4.2 

4.2.1 

4.2.1.1 H'Il'W 1

3 4.7 
" 

3 1 eJ5'UltJ 1 

bbG'i VI 'I f111{'U A1J1 'Vl'lJfI b"ll'W b"/l eJ 'W'VI 1 bb 'Vlti 'I eJ bnVl bb 1 'I f1V1 fl'U b"/l'W b"/lel lj f111, 
{'UA1"lfi 1 3 1'W1Vl 

4.8 
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€J5'U1CJ n 1 2 

';i 'In(9J (Jltl'Ufl'Uml'w 4.8 bbl?i1 1 ';ilV1';il1JJ1Vl'l1

VlU'l 4.9 

Board/Sensor Board A Board B Board C Board D 

Sensor 1 0 0 1.21 0 

Sensor 2 1.25 0 0 0 
Sensor 3 32.2 0 0 0 
Sensor 4 11.2 1.23 0 0 
Sensor 5 9.52 0 0 0 

Time 22.48.48 

. 
.fl1'W'Vl 

d 
4.9 

€J5'Ul (J n 1 3 VlU'l 

"V€J'l1 lVl'l1 n "1 n b "/l'Ub"/l€J i:-J (j b bb?f bbVlU'l"V€J'll tl, , , 
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4.11 nvl11VI 
1 1 

40 

30 

20 

BoardlSensor Board A Board B Board C Board D 

Sensor 1 25 0 0 0 

Sensor 2 52 

Sensor 3 o 
Sensor 4 o 

Sensor 5 o 

o 
o 
o 

o 

o 
o 

o 

o 

4 

6 

8 

10 

Time 12.03.23 

4.2.2  

1fl fl1 VI B U tJ Vl5.rn Yl 'lJ m U U CJ 1 lbU fl1 VI B U tJ ':i Vl5.rn Yl 'lJ B m,m 
 

(K-Nearest Neighbor) l.J11 fl 'U fll ':itJ ':i (\ e.J (\ CJ fl1 111 J 1 VlUfl 611V1 ru fll ':i b CJ 'U i 
(Class) b 1VlVI':i1'1.J11J1V1U

1flil CJ'l nu b'll'U 1 bb 1 1 , 

" 
r11!'l11:IJbbl1'Ucl'1 100 2 bbUU 

http:12.03.23


---------

"" II II '" o.4.1 40 

R11Lm.i4 AS1 AS2 AS3 AS4 AS5 BS1 BS2 BS3 BS4 BS5 CS1 CS2 
;----------

I 1 11.3 16.5 11.5 0 0 0 0 0 0 0 0.11 
--

2 0 0 0.5 28.87 0 0 0 0 0 0 0 42.56 
,------ -- _ .. - --

3 0 0 0 0 0 0 0 0 1.23 0 0.1 0 

4 0 0 0 0 0 0 0 2.35 0.84 42.25 0 0 
r----- --- '- ----.- --.- -----.- --.- ----._-

5 1.1 0 0 0 0 29.56 0 22.2 0 0 0 0 
,- .-,----r---- --.- ---- ----- ---- \-- -- --

6 0 0 0 0 0 0 0 0 0 0.33 0 0 
,-

7 23.56 0 15.2 2.5 0 0 23.78 0 0 0 0 0 
----,- ---- ------ ---- 1----.- -----

8 0 0 0 0 0 0 0 0 0 0 0.59 0.21 
\------r------

9 0 1 34 18.81 2.5 0 1 0 4.3 0 2.2 19.88 
--- '-- -- -- -- --

10 1.3 0 2.3 0 39.52 0 0 1.02 48.23 27.23 48.22 27.23 
-I--- ---- I------. - 1---- ---

11 0 1 0 2.44 0 0 0 0 0 0 0 0 
----- --- --- ---

12 18.59 19.5 33.54 1.88 0 0 1.57 0 0 0 0 0 
-\--

13 0 0 0 0 0 0 0 15 0 0.1 0 0 
'- --,------- --'- --

14 0 0 0 0 0 15.75 0 17.2 0 12.5 0 0 _.. - --+- --
15 2 0 1.2 0 15.2 0 1.12 11.2 32.5 0 17.5 0 

---.- --- ---.-1---- ---
0 0 0 0 18.98 0 0 0 2.36 0 33.58 0 

-!--
0 0 0 0 1.89 0 0 0 1.2 0 1.02 0 

18 0 31.21 0 32.6 0 1.25 10.01 0 33.05 0 
,---- -- -- 1---- ----r----- -- I-- -- 1--- --- ---------

19 0 0 2.3 29.65 1.87 0 0 0 0.2 0 1.3 37.48 
---

20 0 0 0 0 0 0 0 0 0 0 0 0 
,----- .---- -- .- -- --

21 0 0 0 0 30.5 0 0 1.02 28.96 0 33.02 0 
- '-.. 

CS3 CS4 CS5 DS1 DS2 

0 0 0 0 0 
,---------- --

15.2 0 0 0 0 

0 0 1.2 1.02 10.21 
----c---- ---

0 0 0 45.3 1.28 

0 0 0 0 0 
--- '- --.-

0 0 0 2.5 0 

0 0 0 0 0 
..-

48.23 0.1 1.2 0 0 

1.22 0 0 0 1.12 
-- -- --

1.42 0 1.02 0.12 48.23 
----,----- -- -----

6.25 42.3 2.3 0 0 

0 0 0 0 0 
----r------ ----- r------ 1----

0 0 30.25 0 0 
---,--

0 0 0 20.3 0 
--- -- ,---- .- ---- I--- --- --
0 0 0 1.05 18.4 

---.-

33 0 1.1 0 34.21 
--- ,------ -- --

1.23 0 18.6 0 1.58 

0 0 0 0 33.74 

32.12 0 0 0 0.89 
-

30.81 1.8 38.2 0 0 

0 0 0 1.34 38.6 
---.------

DS3 DS4 DS5 CLASS 

0 0 0 Al -
0 0 0 C1 

46.28 1.98 0 01 ----.------ --

2.56 0 0 02 .-
1.22 0 0 B2 

'- .-
20.87 0 18.95 D3 

,--------
0 0 0 A3 

'- ---.-
0 3.97 0 C3 - ---c-------
0 0 0 A4 

'- --

4.82 1 0 01 
------ '---' 

0 0.23 0 (4 

0 0 0 A2 
- --.-,--_._--

3.25 42.35 0.1 04 

0 0 0 B3 
------- c----- .- -----------

0 0 0 Bl 

3.28 1.97 0 C3 

0 0 0 01 
--- ,-----' 

0 0 0 A3 

0 0 0 (2 
!---

0 36.45 0 (4 

29.58 0 0 02 
-----_._-

BOARD 
---

A 

( 

0 

0 
---

B 
---

0 

A 
,--------.-

( 

r--.-
A 

D 

( 

A 
.---------

0 

B 
,--------

B 

( 

0 
-

A 

( 

-
( 

0 VJ 
'D 
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4.1 "lIiI\fit'U1V1'Umnn'YJfI"lIiI\fitnT'H1f.1'UlVl>3V13JfI 40 VI'U>3 

ASt AS2 AS3 AS4 ASS BSt BS2 BS3 BS4 BSS CS1 
22 0 0 0 0 13.8 0 0 0 0 0 0 

23 31.25 0 0.23 0 1.56 0 39.85 28.52 0.36 0 1.15 

24 0 0 0 3.5 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 40.25 0 5.2 0 

26 0 0 0 0 0 0 0 0 0 0 0 

27 25.32 0 0 0 0 0 40.85 29.54 0 0 0 
C---" 

28 0 1.3 32.01 29.86 0 0 0 0 0 0 0 

29 0.23 40.23 14.65 0 0 0 0 0 0 0 0 

30 0 0 12.98 1.2 30.2 0 0 0 0 0 39.62 
--------

31 0 0 0 0 0 13.56 0 0 0 5.2 0 

32 0 0 0 0 32.2 0 0 30.25 28.65 1.51 33.02 

33 0 0 0 0 9.85 0 0 0 10.36 6.48 8.65 

34 0 0 0 0 0 0 0 0 0 0 0 

35 0 0 0 12.53 13.85 0 0 0 0 0 10.25 

36 0 0 0 0 0 0 0 0 0 0 0 
y..-.'" 

37 0 0 0 0 0 0 0 30.25 28.65 1.51 33.02 
1----.. , 

38 19.13 0 20.36 0 0 0 23.78 0 0 0 0 

39 0 0 0 0 1.89 0 0 0 1.2 0 1.02 

40 8.65 0 0 0 0 9.56 8.83 42.65 0 0 0 

CS2 CS3 CS4 CS5 DS1 DS2 
0 0 0 18.25 0 0 

0 0 0 0 0 0.14 

5.14 36.27 30.42 0 0 0 

0 0 0 0 0 0 

0 29.65 0 0 0 0 

0 0 0 0 0 0 

30.14 0 0 0 0 0 

0 0 0 0 0 0 

1.32 1.63 0 0 0 39.47 

0 0 0 0 8.74 0 

0 0 0 0 2.1 21.04 

0 0 0 0 9.56 8.83 

0.3 42.52 29.87 1.65 0 0 

9.58 38.98 0 0 0 2.3 

0 0 0 0 0 0 

0 0 0 0 2.1 21.04 

0 0 0 0 0 0 

0 1.23 0 18.6 0 1.58 

0 0 0 9.85 0 0 

DS3 DS4 
30.74 35.85 

0 0 

0 0 

36.25 0 

1.56 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1.24 0 

42.65 0 

0 1.89 

0 0 
---------

42.36 1.32 

1.24 0 

0 0 

0 0 

0 10.36 

0$5 
0 

0 

0 

11.28 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.02 

0 

0 

0 

6.48 

CLASS 
04 

B1 

(1 

03 

C3 

B2 

A1 

A2 

(2 

B3 

B4 

D2 

(4 

(2 

D4 

B4 

A3 

D1 

B2 

BOARD! 

0 

B 

( 

D 

( 

B 

A 

A 

( 

B 

B 

0 

( 

( 

D 

B 

A 

D 

B 

+:> o 
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4.2 10 v 'v 

AS1 AS2 AS3 AS4 AS5 BS1 BS2 BS3 BS4 BS5 
1 1 11.3 16.5 11.5 0 0 0 0 0 0 

2 0 0 0 0 32.2 0 0 30.25 28.65 1.51 

3 18.59 19.5 20.5 1.88 0 0 1.57 0 0 0 

4 2 0 1.2 0 5.2 0 1.12 11.2 32.5 0 
r--------

5 0 0 0 0 0 0 0 0 1.23 0 

6 0 0 0 0 0 0 0 0 0 0 

7 0 0 0.5 23.87 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 0 0 0.33 

9 0 1.1 0 2.44 0 0 0 0 0 0 

10 0 0 0 0 9.85 0 0 0 10.36 6.48 

(Sl (S2 (S3 (S4 (S5 
0 0.11 0 0 0 

33.02 0 0 0 0 

0 0 0 0 0 

17.5 0 0 0 0 

0.1 0 0 0 1.2 

0.59 0.01 48.23 0.1 2.2 

0 42.56 11.2 0 0 

0 0 0 0 0 

0 0 6.25 42.3 2.3 

8.65 0 0 0 0 

OSl OS2 
0 0 

2.1 21.04 

0 0 

1.05 18.4 

1.02 10.21 

0 0 

0 0 

11.5 0 

0 0 

9.56 8.83 

OS3 
0 

1.24 

0 

0 

46.28 

0 

0 

30.87 

0 

42.65 

OS4 
0 

0 

0 

0 

1.98 

0.Q7 

0 

0 

0.23 

0 

OS5 
0 

0 

0 

0 

0 

0 

0 

8.95 

0 

0 

+:> .......  



•  

.d II IU II .QI .., I 4.3 30 

I ASIW I AS2W I AS3W I AS4W I ASSW I BSIW I BS2W I BS3W I BS4W I BS5W 

11.3 16.5 ll.s o o o o o o 
2 o o 0.5 28.87 o o o o o o 
3 o o o o o o o o 1.23 o 
4 o o o o o o o 2.35 0.84 42.25 

22.2 o o 
o o 0.33 

o o o 
o o o 
o 4.3 o 

1.02 48.23 27.23 

11 o o o o o 
19.5 33.54 o o o 

13 o o o 15 o 0.1 o o 
14 o o o 17.2 o 12.5 o o 
15 2 o 1.2 11.2 32.5 o 17.5 o 
16 o o o o 2.36 o 33.58 o 
17 o o o o 1.89 o o o 1.2 o o 
18 o 31.21 o 32.6 o 1.25 10.01 o o 

o o 2.3 29.65 1.87 o o o 0.2 o 1.3 37.48 

o o o o o o o o o o o o 
o o o o 30.5 o o 1.02 28.96 o 33.02 o 
o o o o o o o o 

31.25 o 39.85 28.52 0.36 o 1.15 o 
24 o o o o o o o 5.14 

25 o o o 40.25 o 5.2 o o 

w I C55W I DSIW I DS2W 

o o o 
o o o 

1.2 1.02 10.21 

o 45.3 1.28 

o o o 
o 2.5 o 
o o o 

1.2 o o 
o o 1.12 

1.02 0.12 

23 o o 
o o o 

o o 30.25 o o 
o o o 20.3 o 
o o o 1.05 18.4 

33 o 1.1 o 34.21 

1.23 o 18.6 

o o o 
32.12 o o 
30.81 1.8 38.2 

o o o 
o o 18.25 

o o o o 0.14 

36.27 30.42 o o o 
o o o o o 

o o 
46.28 1.98 

2.56 o 
1.22 o 

20.87 o 
o ° 
o 3.97 

o o 

o 0.23 

o o 
3.25 42.35 

o o 
o o 

3.28 1.97 

o o 
o o 
o o 
o 36.45 

29.58 o 
30.74 35.85 

o o 
o o 

36.25 o 

DS5W I CLASS 

o Al 

o Cl 

o D1 

o D2 

o B2 

18.95 D3 

o A3 

o (3 

o A4 

o 
o c 
o 

0.1 D4 

o B3 

o 81 

o C3 

o Dl 

o A3 

o (2 

o (4 

o 
o D4 

o 81 

o Cl 

11.28 03 

Board 

A 

c 
D 

D 

D 

A 

c 
A 

D 

B 

B 

c 
D 

A 

c 
( 

o 
B 

c 
o +:-

N 
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cd Sf "Gil Sf .eII"ct 0 •I4.3 30 (lJIa) 

,----- -- -- ----- -
AS1W ASz.N AS3W AS4W AS5W BS1W BSz.N 8S3W BS4W BS5W CS1W CSz.N CS3W CS4W CS5W DS1W DS2W DS3W DS4W DS5W CLASS Board --,---

26 0 0 0 0 32.2 0 0 30.25 28.65 1.51 33.02 0 0 0 0 2.1 21.04 1.24 0 0 64 6 
--- -- ------ --r------- ----i---- ----- ---- -------r--

27 25.32 0 0 0 0 0 40.85 29.54 0 0 0 0 0 0 0 0 0 0 0 0 62 B 
--- --I---

28 0 1.3 32.01 29.86 0 0 0 0 0 0 0 30.14 0 0 0 0 0 0 0 0 A1 A 
-- --- -- --,-- --- -- - i--- --

29 0.23 40.23 14.65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 A2 A 
-- ---

30 0 0 12.98 1.2 30.2 0 0 0 0 0 39.62 1.32 1.63 0 0 0 39.47 0 0 0 C2 C 
,-------

d 11';01., .t o. 
4.4 20 

r '52W_ C53W_ CS4W r 
1 1 113 16.5 11.5 0 0 0 0 0 0 0 0.11 0 0 0 0 0 0 0 0 

--- -- --- --- --I--- --- --r- --- --- ----,-- ----,----- ---,--- - --
I 2 0 0 0 0 32.2 0 0 30.25 28.65 1.51 33.02 0 0 0 0 2.1 21.04 1.24 0 _ 0V- 1859 19.5 -20:5--1.88 ___ o__ ___ ____ 0 0 o ()---O--
,4 2 0 1.2 0 5.2 0 1.12 11.2 32.5 0 17.5 0 0 0 0 1.05 18.4 0 0 0F:- ---

0 0 0 0 0 0 0 0 1.23 0 0.1 0 0 0 1.2 1.02 10.21 46.28 1.98 0 ,---- --- -- I---- -- -
0 0 0 0 0 0 0 0 0 0 0.59 0.01 48.23 0.1 2.2 0 0 0 0.07 0 

---

7 0 0 0.5 23.87 0 0 0 0 0 0 0 42.56 11.2 0 0 0 0 0 0 0 
----- ,------1----- -- -- ,-------- - i-- --- -r---------

8 0 0 0 0 0 0 0 0 0 0.33 0 0 0 0 0 11.5 0 30.87 0 8.95 ---- ---i---- ------ i- i----- ,---- r-- i-- --- -----r__---- ---
9 0 1.1 0 2.44 0 0 0 0 0 0 0 0 6.25 42.3 2.3 0 0 0 0.23 0 

- -- --- --- ---I----- -- - -- I----- ------ r-----------
10 0 0 0 0 9.85 0 0 0 10.36 6.48 8.65 0 0 0 0 9.56 8.83 42.65 0 0 ----I-- -------- ---,------ - -- ---- ------
11 0 0 0 0 0 13.56 0 0 0 5.2 0 0 0 0 0 8.74 0 0 0 0 --,- ---r-- ---- ----'----- --------- I-- --I--- -----
12 0 0 0 0 0 0 0 0 0 0 0 0 29.65 0 0 0 0 1.56 0 0 

-f-- ,------- --- ---- -- --- ----- ----- --- I-- -- -----
13 0 0 0 0 9.85 0 0 0 10.36 6.48 8.65 0 0 0 0 9.56 8.83 42.65 0 0 ---I--
14 0 0 0 0 0 0 0 0 0 0 0 0.3 42.52 29.87 1.65 0 0 0 1.89 0 

----- --'--------'--------- -- +:> 
Vl 
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15 

16 

17 

AS1W 

0 

0 

0 

AS2W 

0 

0 

0 

AS3W 

0 

0 

0 

AS4W 

12.53 

0 

0 

AS5W 

13.85 

0 

0 

BS1W 

0 

0 

0 

BS2W 

0 

0 

0 

BS3W 

0 

0 

30.25 

BS4W 

0 

0 

28.65 

BS5W 

0 

0 

1.51 

CSIW 

10.25 

0 

33.02 

CS2W 

9.58 

0 

0 

CS3W 

38.98 

0 

0 

CS4W 

0 

0 

0 

CS5W 

0 

0 

0 

DS1W 

0 

0 

2.1 

DS2W 

2.3 

0 

21.04 

DS3W 

0 

42.36 

1.24 

DS4W 

0 

1.32 

0 

DS5W 

0 

1.02 

0 
-------

0 

0 

6.48 

18 

19 

20 

19.13 

0 

8.65 

0 

0 

0 

20.36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9.56 

23.78 

0 

8.83 

0 

2.35 

42.65 

0 

0.84 

0 

0 

30.25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
---------

0 

0 

0 

0 

0 

9.85 

0 

45.3 

0 

0 

1.28 

0 

0 

2.56 

0 

0 

0 

10.36 
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4.2.3 n1'WiHILfliI'lJn1'f11{11'IJ"UiI{I'::UU 

'Vl\l 

(Alarm) 1'IJ fl1 v'IJ 1 CJ \I L v1 \If.'j fl fl1 'j \I v'IJ 

Notification 1'IJblu

1 m b nv1It III '\J I) 

el1JIolL v111 -tJl"111m \lYi 
"' 'l \J \1\.1 q \i QI 

G11V1-rU 

LL 1
'U'\J '" \J '\ 

1 tl1Jl'IJ '<ill flm'j'll1f>11,11V1tJ

1'IJ , , LLVI'tl\ll 'IJ 

50 VI'tl\l v1ll• cu '\J 'U 't 

LLl9lfll.h\ln'IJ 1 fl Iol, 
,b'IJ 1 fJ1'IJ'1fl 1 

b'll'IJ b'll \In'IJ,!'IJ nf>11,11V1tJfl bLl9l "8\1 fl 

mmlJfl 1fJ fl fl", LLVI'tl "!J m fJ t:J 1'lJLL'lJl 'jlU 

L vh,!'IJ bnVl bb \I v'IJ1'IJ CJ.Qlob'fll'jbb fJ CJlob' 'Vl \I 

(Buzzer) LL \I v'IJ vf.j fl Iol bb \I v'IJ1'\J cJ\I b1U bbv'Vl'Vl Lf1I-ff'IJ b v1 m.g (1
'II 

1 2 LL UU m'j'VIVll;'l VU 
'l cu \J q 'U 

40: 10 30: 20 nf>11 

(Accuracy) 100 (Precision) Lv11nu 
'II 

1v 100 1'IJ v'IJ1f11f1f11l';inm'jL m L 1 v 
4 

Ln'IJ1
'II 
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5.1  

nt':i Pi 6'1':)eJ1 CJ1iJ triJ'YflrJ liJ ruVlI nt ':ialJ"1J 6'1.:) eJ1 CJ LtliJVlt1,:)6'11 LVI(IJ 
41 '\.1'\.1  v \t\.l q "'I' 

11 bnVlnt':i6'l £11 CJ £1IVllnt':ialJ VI(IJ nt':i,l"J CJLba1 
" q" Ii 

6'ltVlVlalJ LVlCJ 61 bVl(IJ, q  \I , I q , 

mn1.Jnt"JalJ2J t bflVl1 b 1 eJ1 CJ eJ FI boW CJ.:JfliJ CJ1 eJCJVI Lb'G'l eJ VI.:) VI 
'\.IV'ili  'U '\J 

1vil1'U'¥l 1vil1'U1i'lf)"J"JlJ\9il.:J 1 -nllJl 

CJ1iJ"Jt!1l1.JVlt1,:m\9i 1vi iJ

m"Jm1 bb'G'ltnt"J"J:;1.J illbb 6'I.:JeJ1CJlJID':itCJ ml1m Lfl VlD':itLCJ"ll1J 
, '\J 'U \I' 't 

1 iJnt"Jrl LflCJvlllJln eJ'UVltJIvl11

nnt"J8eJnLb1.J1.J1'Unt"JnlV1'U VI illbbVI'W.:J"1J8.:Jb6(l'UL"1mi bb'G'l:;nt':if1.Jf11JIV1'WnL 8'111mDf1.J 1 i 
1 'Unt':i88nLb 1.J1.JeJDf)"JrualV1-r1.JtJ6'I.:J eJ1CJ , \I \I 'I 

Inn l"Jt1.J1.J bb'G'lt'Yl VI 6'1 81.J1t5 L6(I'U b6(leJ{tD
... '\J 

1vie.J 'G'l m ':i'Yl Vl6'l eJ 1.J 11 eJD n "J ru6'l1lJ 1"J m:;1.J ill Lb VI'W':)"1J eJ':)1(IJ eJ V1.J iJ1viLVl CJ eJ 1;(CJJ1V1ii'n 
q  'I 'I '\I 

Lfl bi1m"J6'I biJ L1.J8i (K-Nearest Neighbor) f11'U1tuVllill Lb VI'W.:J"1J8.:J1i'l'l\9i f)b6(l'UL6(leJfl 'U'Vl nill bLVI'W.:J 

In illLb eJ1.J L bVi CJ 1.Jn1.J'Ylnill LLVI'W.:J m':i Lb VI'W.:J n 
•  '\J 

f11JIV1ii'n 10 illbLVI'W':) 
'\J 

40 illbbVl'W':) VIIt iJbb\9i'G'ltWl16'11lJl':itl1.J8n
• '\J 

b6(liJ b6(leJ{Wl1LVllJ1 VI LL'G'lt'Vit1 6'lllJl':im:;1.Jill LLVI'W':)"1J eJ VlLVl CJ"IlVl-n8lJ'G'l 
q q"  " \I 

LL'G'ltl1e.J'G'lnt"JD"J:ailiJ¥leJ (Accuracy) 100 LL'G'l:;
'\J  '\J 
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5.2 
5.2.1 flTH) e:l flU.tJtJ tJtJrle:ltl-1J1'liifr:)1lJoij'tJienJ I. Load, 

cell rle:ltl-th--1 1 -tlLd"'11 b€iCJfl 

5.2.2 Real time 

1 (Delay) lflCJtJ'j:::lJlru 3-5 itilVi 

5.3 .uemt'UilLL'U: 

5 .3.1 lfl CJfl1'j bb?f "'U'lm
, CIJ CIJ 

5.3.2 L-zitl Jll",hCJ J1WUflri1t1?f'l 
" It d:J 'U 1 CIJ 

'IJ 

5.3.3 fl11ii flbihJ a TVl1"1 fltJ fl b-ziti "tJ a m::: '" fl 

r111CJ11 1'jfl'VI1'lfl1'jbb"'VI6
'IJ 
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- +PIN SCK PIN DT 

'. 
Sensor 1 9 8 GNO / 3.3V 

Sensor 2 13 12 Gt\IO / 3.3V 

7Sensor 3 GNO / 3.3V 

Sensor 4 5 4 GNO / 3.3V 

Sensor 5 2 3 GND / 3.3V 

. " 
5. ESP8266 n'U Arduino UNO Firebase 

" 

AO (Tx) 06 

Arduino Uno 
Wemos 01 

(miniZEsp8266) 

Al(Rx) 05 
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