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Abstract (Subject without numbering)

Train weight analysis plays a critical role in ensuring the
safety and efficiency of railway transportation systems.
This project aims to develop a system for estimating
train weight using sensor signals, employing both a
manual approach via MATLAB and an automated
approach using artificial intelligence (Al). The Al model
is trained using techniques such as Long Short-Term
Memory (LSTM) and K-means clustering, with training
data derived from manual evaluations. The trained
model is then tested on new, unseen data to evaluate
its accuracy against the ground truth obtained from
manual calculations. The results of this study help
assess the feasibility of applying Al to replace human-
based train weight evaluations in real-world railway

systems.

Keywords: Train Weight, Analysis, Manual Method,
Artificial Intelligence (Al), Comparison
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2.6.1 Estimating the load weight of freight trains
using machine learning (2023)

Wueddwain KTH Royal Institute of
Technology Ysenaaian (dWmunszuy RMD
(Railcar Mass Determination)daflusanassy
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Regression, K-Nearest Neighbors, Regression
Tree, Random Forest waz Support Vector
Regression

2.6.2 Application of Al in railway freight
loading(1999)Geng, Zhang, Zhu waz Zhong (1999)
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2.6.3 A Systematic Review on K-Means
Clustering Techniques
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2.6.4 Railway freight car axle load spectra and
its implications for track maintenance (2002)
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3.3 msnssutipyad sy Al

time

0.0005 1.424589 6.432991 6.254605 9.829838
0.001 1.418795 6.426917 6.248609 9.823395
0.0015 1.422062 6.430109 6.250924 9.826295
0.002 1.424353 6.434136 6.253542 9.829572
0.0025
0.003 1.417972 6.431748 6.250973 9.825601
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3.6 mﬂﬁuﬁmﬂamsmam Signal processing

TumsFnwase ldanALUUMSNAaLRD
wisndisniseinSnnssndnmsyssuianalauuy s
(Human) Avussuuileyanysefivg (A TunnsTasinmin ez
FruaudusaWlewi-3.6.1 @oulvupenisnaany

3.61 unwd (Human): i danmeyvhnsiniimin

wazsiuFLnEueLAszUINASA Y
19917 FeondumssuenannmniaLa3neiia
Tasase mMstsufivspsuywdezgnliiy dwasgu
(Reference) wazfiodndl Accuracy g4ge Lflpgan
dumssuaaadsraunseliag3sfinumsyausy
Tumaauy

3.6.2 Al (Artificial Intelligence): 15zuu Al ¥58
seuyda v tuaiseilumsinlntnuasivsiuiu
au Teelilawma wu LSTM Autoencoder, Isolation Forest,

K-Means %50 DBSCAN gnussuiusaufiannuuu3luun

ADUNI
files | fnuaudn | awdu | %error Al | %error Al
name Ch2 Ch3 Ch2 Ch3
(manual) | (manual)
1
2
3

f1919713.1 fpgrensidseuiizu Signal processing

4 ggUnan1sNeans wasUseluni

v

4.1 aswanisnaanslunsty Al Suesisiiimsinge v

411 HANSNAADINSASITY peak upvdasalweig
Al (MsTuTuiudasaln)

3871 1: Unsupervised LSTM Autoencoder a1nn1snaaals
LSTM Autoencoder

File_name |Humen1|Humen2| AIL Al2 % %
TESTHOO10_AD0D47.K52 0 129 0 134 0.00% 32.38%
TESTHOO10_AD048.K52 0 115 0 139 0.00% 20.87%
TEST#0010_ADOS1.K52 a1 0 89 0 2.20% 0.00%
TESTHOO10_AD052.K52 9% 0 9% 0 000% 0.00%
TESTHOD10_ADO53.K52 50 0 50 0 000% 0.00%
TESTHOO10_ADO54.K52 0 131 0 142 0.00% 8.40%
TESTHOO10_ADO56.K52 0 80 0 81 000% 1.25%
TESTHOO10_AD058.K52 0 137 0 146 0.00% 6.57%
TESTHOO10_ADOG0.KS2 0 144 0 142 0.00%  1.39%
TESTHOD10_ADOG1.KS2 112 0 112 0 000% 0.00%
TEST#OO10_AD063.K52 114 0 114 0 000% 0.00%
TESTHOD10_ADO72.K52 80 0 80 0 000% 0.00%
TESTHOO10_ADO73.K52 0 109 0 110 0.00%  0.92%
TESTHOO10_ADO75.K52 128 0 128 0 000% 0.00%
TESTHOO10_AD082.K52 145 0 146 0 069% 0.00%
TESTHOO10_ADOS4.K52 0 134 0 134 0.00% 0.00%
TESTHOO10_AD085.K52 0 126 0 126  0.00% 0.00%
TESTHOO10_ADO88.K52 106 0 106 0 000% 0.00%
TESTHOO10_ADD90.KS2 0 128 0 128  0.00% 0.00%
TESTHOO10_AD094.K52 0 114 0 114 0.00% 0.00%
TESTHOD10_ADD97 K52 0 130 0 130 0.00% 0.00%
TESTHOO10_AD100.K52 0 114 0 121 0.00% 6.14%
TESTHOO10_AD101.K52 111 0 117 0 541% 0.00%
TESTHOO10_AD104.K52 0 131 0 134 0.00%  2.29%
TEST#O010_AD106.K52 0 102 0 68 0.00% 33.33%
TESTHOO10_AD110.K52 0 77 0 86 0.00% 11.69%
TESTHOO10_AD112.K52 78 0 78 0  000% 0.00%
TESTHOD10_AD113.K52 145 0 146 0 069% 0.00%

0.00%  0.00%

TEST#0010_A0114.KS2 78 0 78 0
sUf 4.1 drpghenadnsiunistd Unsupervised LSTM

Autoencoder Tun1smi peak wWssuifisuiunansa (Wg

357 2: Supervised LSTM
mslfluea LSTM wuiimsAduiiariunnege peak

WuadnsAsndnaawsdnegs1u1Usy loss wag threshold

supervised LSTM
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35% 3: Isolation Forest
Isolation Forest anusasuialedmsu (Recall = 1.0000) u
% Precision gannauldanansalfaulfass

M classification Report:
precision

recall fi-score support
0.06000

0.0e85

-0000
-0000

0.0000
0.0009

2774116
1290

©.0005
©.0005
©.0000

2775406
2775406
2775406

accuracy
macro avg
weighted avg

¥ confusion Matrix:
[r @ 2774116]
[ e  1290]]
sUT 4.3 dngnamsuanswansrinaulunsdssifineeg
Isolation Forest

ATUNINWTILL

s

1 LSTM wuy Unsupervised Winadnsafigalungu Al
2. MTRNEAMsUysgusingnd

r

File_name number_of_cars_Humenl | number_of_cars_Humen2 | dbscani |dbscan2 [ %1 [ %2 |
TESTHOOD9_ADD0O.KS2 36 0 30 0 13.89% 0.00%
TESTHO009_ADO01.KS2 36 36 2 19 27.78%  50.00%
TESTHOO0D_AO03.KS2 0 36 0 19 0.00% 50.00%
TESTH#O009_AD0D04.KS52 35 '} 28 o 17.14% 0.00%
TESTHODD9_ADO0DS.KS2 21 0 9 0 52.38% 0.00%
TESTHOO10_AOODO.K52 0 28 0 2 000% 21.43%
TESTHOO10_AOOS.KS2 32 0 27 0 1875%  0.00%
TESTH0010_AD006.K52 o 20 o 16 0.00% 15.00%
TESTHO010_AD020.K52 o 36 o 31 0.00% 11.11%
TESTHOO10_AOO21.K52 36 o 2 0 1667%  0.00%
TESTHOO10_AO022.K52 0 36 0 25 0.00% 33.33%
TESTH0010_AD023.K52 21 [1) 13 0 38.10% 0.00%
TESTHOO10_ADO24.K52 o 20 o 18 0.00% 10.00%
TESTHO010_ADO26.K52 0 15 0 8 0.00% 46.67%
TESTHOO10_A027.KS2 36 [ 27 0 3333%  0.00%
TEST#0010_AD031.K52 o 20 o 10 0.00% 45.00%
TESTHO010_AD032.K52 36 0 26 0 27.78% 0.00%
TESTHOO10_ADO34.K52 0 35 0 9 0.00% 20.00%

U7 4.5 frpgnenadnstunsty DBSCAN tumsmémin

agU: uysdanansausndusaldudugindi Al clustering

dpvannintlalaseasne wu §4, #350 6 &0 vay T Al

llanunsadpusldannszpsiaizengasian
4.2 HAIATIFANNTNAADN

MANsNeansliluLna

WadAzAgaiadnTa iWuazsuInaulusIn

woileymuesazlueg el
Unsupervised LSTM Autoencoder

Al

Togawzludyanaidudou

41.2 AaNISNAADIATITULLNEIUINANINA 1

wuausa WA Al

387 1: K-means Clustering

K-means a1unsanssduiuduldindidgeduainuass (Error <

10%) udsauafiadmilsannlaseas19ana5e

File_name | number_of_cars_Humenl | number_of_cars_Humen2 | kmeanl | kmean2 [ %1 [ %2
TESTH0009_ADDDO.KS2 36 0 34 0 556%  0.00%
TEST#0009_ADDO1.KS2 36 36 39 35 8.33% 2.78%
TEST#0009_ADDO3.KS2 [} 36 0 36 0.00%  0.00%
TESTH0009_ADOD4.KS2 ES 0 EH] 0 D000%  0.00%
TESTHOOD9_ADDDS.KS2 2 0 19 0 952% 0.00%
TESTH#0010_ADDDO.KS2 o 28 o 28 0.00% 0.00%
TESTH0010_ADDOS.KS2 32 0 23 0 313%  0.00%
TEST#0010_A0D06.KS2 o 20 o 21 0.00% 5.00%
TESTH0010_ADD20.KS2 [ 36 [ 3 0.00%  0.00%
TESTHO010_ADD21.KS2 E] 0 E 0 D000%  0.00%
TEST#O010_ADD22.K52 0 36 0 37 0.00%  2.78%
TESTH#0010_ADD23.KS2 2 0 20 0 4.76%  0.00%
TEST#0010_A0024.KS2 o 20 o 17 0.00% 15.00%
TEST#0010_ADD26.K52 i 15 0 15 0.00%  0.00%
TESTH0010_ADD27.KS2 E] 0 37 0 278%  0.00%
TESTHOO10_ADD31.KS2 0 20 0 22 0.00% 10.00%
TEST#0010_ADD32.K52 36 0 31 0 13.8%%  0.00%
TESTH0010_ADD34.KS2 o 35 o 34 0.00%  2.86%
TESTH0010_ADD34.KS2 o 0 o 35 0 34 0.00%  2.86%
TESTE0009_ADDDO.KS2 36 [ 4 0 556%  0.00%
TESTHO009_ADDD1.KS2 6 36 39 35 833%  2.78%
TEST#0009_ADDO3.K52 0 36 0 36 0.00%  0.00%
TESTH0009_ADDD4.KS2 35 o EH 0 000%  0.00%
TEST#0009_ADDDS.KS2 21 o 19 0 9.52% 0.00%
TEST#0010_ADDD0.KS2 0 28 0 28 000%  0.00%
TEST#0010_ADODS.KS2 22 [ EE] 0 313%  0.00%
TESTHO010_ADDDG.KS2 0 20 0 21 000%  5.00%
TEST#0010_ADD20.KS2 0 36 0 36 0.00%  0.00%
TEST#0010_AD021.KS2 36 a 36 o 0.00% 0.00%
TEST#0010_AD022.K52 0 36 0 37 0.00% 2.78%
TEST#0010_ADD23.K52 21 0 20 0 476%  0.00%
TEST#0010_ADD24.KS2 0 20 0 17 000% 15.00%
TESTHO010_ADD26.K52 0 15 0 15 000%  0.00%
TESTH0010_ADD27.KS2 36 o 37 0 278%  0.00%
TEST#0010_ADO31.KS2 o 20 o 22 0.00% 10.00%
TEST#0010_A0D32.K52 36 0 31 0 1389%  0.00%
TEST#0010_ADD34.KS2 0 35 0 33 000%  2.85%

JUT 4.4 drpgenadnslunsld K-means luasmanuau

aoa

5% 2 : DBSCAN

v o ‘

DBSCAN Wuadnsansingisaindl K-means agnedmiau

o @

Tagpneiutasdanuiddnrineiu

o T

1. Reconstruction error
Feligusaunuyzialdtaaulnuiswsun

2. dnwazipsWedeavaIArags  (DWwe U9
FLLAN)

3. foyaflenulisunagy  (peak  fdadawiipuinn)

A lueadl bias [Un1e non-peak

Supervised LSTM

1. s label = 1 fpsunadafiaudu label = 0
lAleaiseusidu O naanial

2. RedetunuuBsundunazdudull vl LSTM
npeiulddng

3. wfUsy loss function wag threshold waa @1 Fl-

score famesunn (+ 0.002-0.004)

Isolation Forest

1. @1 Recall whdu 10000 ud Precision s
(0.0005) wszlumarinnenad At uia

2. Tueabisunsousnefiifiufiaefesnananuiay
AGBw o 16

3. Bigunsadudnwas pattern wunsainddunanld
iipsmAdiuTuea anomaly detection wungmLfien

{point anomaly)

K-means Clustering
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1 BwealildAnsanlesiadedavnesald Wy 4
dasindu B5a 6 anlussadns

' > L=

2. uUenguRewata LU dp9nANELIAugALLINLEA
(under-cluster) #3asUAUANAULTIYAU (Over-

cluster)
DBSCAN

1L eanuRenwanagelunaisnsel
Toganiztpsdayael ch3

2. mntrnasnidsluduidsadulisiaus
nsalfiudn  eps iealY  azgauUeppnaniuTiLd
uliazaylumufzaiy

4.3 Uselantlvanslageny

wiinanisnaansuaslea Alresillanmnsatihulidunu
Fismayumegialdlasnse udlasenuiildairasslom
Tunansdnu laua
1. Wunssidnwuddimassufinaaddiiduiasidnung
Msiszgndld Al Audamidlaseaanny
2. a519yalpya FI9E9aATUR LarnTEUINANTILATIZA
Aanunsatihulisesenlunuisunsalassnsiuaman
3. Walun pipeline dnsuA5UssINANANEY AT
NAeT Feanansathlszundliluauesiaanuay
YJanasuunesresaln
4. af1uaanstd Al agnedimenalussuuieanssy
lildiRpesmsenunatulad wedunadusiiannadoeiuning
Wuaseazmnudasasiy
TasenuiiFaiviniunnguiddyumslsfivanuiuly
I8 wagas1dnuns Al Tuemszuuss deanansalivounnldly
B‘LnﬂGlﬁ'ﬂzuLiaiﬁiﬁﬂ’liLLa%Lﬁﬂ@mH’]‘WﬂiﬁJ UDANNT WAEWS
MM NLALLY manual Ssanunsashanididu indirect
product RDANTILASIZF L TER AN RS AN Ly
memauiesdurasuindusaluusassuin Mz
YSanaunsunasdudiin(wrauaiisldanu ) wssuirsudum
290 (M. [Wunanails) ﬁ%ﬁ)mimwﬁmmuﬁﬁwaﬁﬂsim
AnUnd Sersiiuyaunsiayadildansruiinmeiuumumig
weiae IR TE Al Teamss

4.3 Indirect products

Tumsdawil [dfimsideyatildannmansadusaln
Tudariuaniwselndeada wermuunliunnes1 Uy
salnsruluudaniou Tnavhnssoufisusuaussuuns
saluluudanfion Welwszhimnuuwansisazinieded
pnedeNaroANLiTaINTIANsa Wi Tadudugana Ay
fi99sUNEY nEDMATATDIMNMATIAGNY s]\n\nuaﬂmﬂﬁ Ih
MseszianuthezduaedmanausatuwsazauIn oy
ANSUNIUUINTD IR ezl szasudsduse
Fuile wazmaladufinemnuuansiedngs visdinng

-7 -

as9apufingailathefivuansa Minmsussashnsiaiiund
enmua Tasdanesiantayalugiaaa 1 fufikiuan s
UsziIANLADDINAATAIRINAILAZI LIS
As1EpUniauTuiauluaAn

4.4 ToaqU\BeiFnssy

Alfldannsanaununssnzdaiainssuyawywda
Tagauysel Tagmwzauiidosnsanuwing lulaseaiis
(3 wsduse)usaunsathun ladvauunsdadula idagied
UszAnBawluan routine nianudififoyaduauinn

5.85Unan1599y

AspiTdmnsRednwanudulylduasnisinl
uwallyanusefvg (A) inlilunsasiedufindosalv
wazieseiduanduse Wlunilaouay
Tagsimsnaanslilunanansguuun Tdud LSTM vy
Supervised waz Unsupervised, Isolation Forest sauéis
Clustering Algorithms 9819 K-Means thag DBSCAN
wipuraFuuisufuismswuuaaAuily Signal
Processing Tasgiismnay

51 A9As1aTunadasaln

1. LSTM (Supervised) W@ accuracy g« usien Fl1-
score AanA (< 0.01) Wasnioyalisuna
AlAluealianansaasiaduialauaingn wazia
bias [Un1e non-peak

2. LSTM Autoencoder (Unsupervised)
gansaduialdurednlaslidaedy label
laswwigiaualne) i Fl-score §endiuwuy
Supervised was False Positive ¢ agnalsfiens
SedifasAnlumsnsaduRafiddnvasinnizrsouu
ALan

3. lIsolation Forest fasfluluwnasznn anomaly
detection
llanunsayssundlifudnwasinuadasa (W ldogne
waingh ineanfialilddu anomaly
auflenuyaeluag
FlFnadnslanandnetuainuduass
Tnsawzidisliduiioyaninatuejuazrainnaiy

a5 FBibinawsiushiigaluamsaseduiegdeaiy Signal
Processing fispauuulaudiisimay Wasnaunsafianu
VSUNDDIARsaWIAANIN Al Lazanunsadansiuaiu
naAna18UDINe e lAANI
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5.2 MsieszauIudusan

K-Means waz DBSCAN faianansailalaseasiauns
salW939 1 dp 4 dodadu niansdaduedauuug vTHld
sansaudedusaldognusiush nadnwsiildudaslndidsluda
fita wenInANNgndagelaseasis

ayl: Msutedusaday Al fldaunsaunuiinsiudiouywe
6 Wasnnlaaalidnlanssnzuaslaseasiesaln uaslildgn
ppnuuuTRaziousssur@vasileym

5.3 uwimensusydge

NATDRANAIOTILAB T

AHNTALEUDLLINIANTUS U IR AT
snutpya (Data)

1. ¥ preprocessing i sengia (@amplify), smooth
noise

2. iy label nEoudswdumsindntaca (Group
label) spuRALNUTIEYA

3. dnfleesiianarandaana wi rolling std,
amplitude, slope

guluea (Model)

1 wasnlilieafivansdodnazsasiaya w
Hybrid CNN-LSTM

2. 1 semi-supervised %3s weakly-supervised
wnuMsiFusuy fully-supervised

3. U post-processing vinan false positive 4w
A599EUAMUADI DDA NERsSEIENASERI ISR

ANNASDOALLUUNITNIABDY

1. 274 baseline Wivnipufunsiaseiuuy
Manual pghefatan

2. a$eya test inainvaty AsALARL noise
LAZANWAIENAFY 9

3. w:santd Al ludnsanfuinsasiinaiivaym
(supportive tool) augAumssnzangiiimay
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