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Abstract

Time series forecasting is crucial in the present, applied in areas such as weather forecasting,
finance, and beyond. Gold price forecasting is highly complex due to significant influences from economic
factors. Although current studies have explored gold price forecasting using deep learning models, issues
of prediction lag persist, affecting the accuracy of directional forecasts. To address this problem, this
research focuses on developing a gold price time series forecasting model with improved accuracy and
reduced prediction lag. This is achieved by combining the strengths of the LSTM (Long Short-Term
Memory) model, which excels at learning long-term dependencies in data, and the CNN (Convolutional
Neural Network) model, which efficiently extracts spatial features from data. Additionally, a data grouping
method based on price trend characteristics is employed, allowing the model to learn specific patterns
of each trend type appropriately. This reduces lag caused by delayed responses to actual data changes
and enhances the accuracy of gold price forecasts in both numerical value and directional movement.
Consequently, the model demonstrates strong potential for effective application in real-world financial
trading decisions. This study uses gold price data from January 2014 to July 2025, totaling 2,943 days.
Price trends are classified into three groups uptrend, sideways and downtrend. Four models are trained,
which are LSTM, CNN, LSTM_G3, and CNN_G3. The most suitable model for each group is then selected
to create the LSTM+CNN_G3 model. The results show that the LSTM+CNN_G3 model achieves the lowest
overall MAE (Mean Absolute Error) at 17.68 US dollars and the highest overall MPM (Movement Prediction
Metric) at 54.08%, outperforming the baseline LSTM and CNN models that do not use data grouping. This
demonstrates that the grouping method effectively reduces prediction lag. In a gold trading simulation,
the LSTM+CNN_G3 model yields the highest profit of 1,870 US dollars, representing a 101.87% return on
capital. These findings indicate that grouping data by price trends combined with selecting appropriate
architectures can improve accuracy and reduce lag, enabling the model to be effectively applied in real-
world financial markets.
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1. uni (Introduction)
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Figure 1. Long Short-Term Memory (LSTM)
Source: Widiputra et al. (2021)
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Figure 2. Convolutional Neural Network (CNN)
Source: Ortu et al. (2022)
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Hi—u Pi»ﬂ Li—u
Figure 5. Group Separation Method
Table 1. Group of Samples
Price change (Pi.1 - P)
Group Amount of sample " <D
ean D.
c . Train 670 5.72 15.16
rou
P Test 331 1144 25.24
c ) Train 804 0.17 14.08
rou
P Test 332 2.48 27.60
c 5 Train 584 -5.30 14.06
rou
P Test 240 -8.78 20.94

5.3 nsguaunsEnuasnagaulieg

ndfelaislunaianun 4 Uuuy Weisudisuussansam Tasutsnisiindu 2 uwmnadn fe
Taipafiugiu (LSTM wae CNN) waslnmauuuutsngudeya 3 ngu (LSTM_G3 uag CNN_G3) Tngluinatiugiuay
Tfoyatamualunmsfinuazvnaeulaeiliuvangutoya ululupauuuntsndgudona 3 ndudnounisiinuas
yagou azdimsutstoyaoendy 3 nqulasideulufiuandu Figure 5. mnuasiinluinausnfuluuiasnguds
wanslu Figure 6. Inevdsniitinuasnadeulunarianuauds adenlinnailvisyansnmlumshuieiiian
vousazngudaeliea LSTM+CNN_G3
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CNN, LSTM model CNN_G3, LSTM_G3 model

Clustering into 3 groups according to trends.

Arrange by original indexes

:
1
1
CNN/LSTM i | CNN/LSTM CNN/LSTM CNN/LSTM
1
1
1
1

T ST | St ey

MAE, MPM, Trading simulation

Figure 6. Prediction Model

Table 2. Parameters

Model Parameters
Filters 64
Kernel size 2
activation function Relu
CNN
Pool size 2
Dense 1 50
Dense 2 1
Units 64
LSTM
Dense 50
Optimizer adam
epochs 20

PEIINNTIUIEALLUINIT AT e T 2 ﬂfjuﬁa AU UE LTIV U6 LLaxmeﬂéfawaqﬁﬂmqﬁ
e MudsildiannuudududauTunune MAE wagsuUsnldinanugnaesvesfianieie MPM (Samanta
et al.,, 2020)

5.4 $1a89n1500-v1END4

Lﬁamaauﬁﬂanwwiuﬂﬁﬂswﬂﬁi%ﬁa amﬁ%%ﬁ"aﬁammssﬁyamwaﬂﬁﬂmﬂﬁamuﬁmmmﬁﬂmwm
Iuma ImaLsmummawummwmwm 1 aaumamumﬂmﬂmwmaawmmmmu 1835.6 maamsamﬁ
LLauauam a Tugavnevesyanaaeu lauldnagns “Foramun” Wevhuieinsmasdiu way “orevanun” e
mmmﬁﬁmavaq fanansly Figure 7. NARDUWNUEY auwimﬁlvaﬂu’lmtﬂiaumsJUﬂUﬂasmasuaLLa”aa Imami
Fo- mwaﬂulmnmai%aaﬂi”mﬂi‘wﬂluumﬁﬁmuwmwaﬁuw uiazilrdusnressadeiusAed e
9gUszanl 0.01% 493959A1%0 (Krungthai, 2021)
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Gold in portfolio Do nothing
Pred;., > P; No gold in portfolio Buy
Prediction
Pred;., <P; Gold in portfolio Sell
No gold in portfolio Do nothing

Figure 7. Gold Trading Simulation Concept

6. Wan13338 (Results)
6.1 AnuuiugudsUTunuaziirnvedlung

sl sueudsyansamszaindlinng LSTM uag CNN Hauuulaiuuanguuasuuuuiangunia
wnltiusian Taglden MAE farnuaatindoudsUsunn uaza1 MPM farugndesuesiiamadasvioutiym
AUE

271 Table 3. nudndloliléfnsuvngudeyanuuuiliusemodiag LSTM fiugiulsien MAE 33
Wiy 19.98 uag MPM 523wy 52.50% ludaulaina CNN fiugiulsd MAE 593 20.16 uaz MPM 5911 51.47%
wandlififiudn LSTM fdseanBamitadeTinmuasfianisindy ONN ntosluniwsay uiidlofisanuense
nau wudlweaiuguieaesdiymidoseuariegadaau Tnsamelu nguiu lnefian MPM w83 LSTM
fluguegiifios 47.91% way CNN fugiuegi 47.27% Sasind1 509 uansilnealsifirauusiuglunisvune
MTuresTINMe

iehIBmsudsngudeyanmuuuilifunauszgndnuinluma CNN_G3 uag LSTM G3 dadulunad
\Annnisutangudoyandeunisiinuasvageuluina S MAE sawanas uazdien MPM aiindu uaziile
3Lﬂi’1uﬂmfﬂa LSTM+CNN_G3 ainainmaidenlumadiiing auﬁamau@amduimmﬁaﬂ CNN_G3 dmsu
ﬂamwu LSTM mmumaumnm wag LSTM_G3 dmiunguuias 1‘1/1?1'1 MAE mum‘waw 17 68 ey MPM pet
aqwamw 54.08% gn31 LSTM ‘Wumum 3.01% Waggend1 CNN ‘Wumum 5.07% msifisdures MPM fustan
nsutanguannsaandgmeanuardilunisvue Tnsamglutisiunltdusaiasuulag

Table 3. Experimental Results

MODEL
CNN LSTM CNN_G3 LSTM_G3 LSTM+CNN_G3
MAE 571 20.16 19.98 18.43 18.05 17.68
MPM 74 51.47 52.50 53.17 53.51 54.08
MAE (US dollar)  20.69 22.43 18.00% 19.01 18.00
GROUP 1
MPM (%) 4a7.27 47.91 51.45% 51.11 52.45
MAE (US dollar)  19.44 19.10% 19.28 19.14 19.10
GROUP 2
MPM (%) 52.11 53.31% 52.71 51.81 53.31
MAE (US dollar)  20.46 18.01 17.83 15.28% 15.28
GROUP 3
MPM (%) 55.83 57.08 55.95 58.33% 58.33

*The Best MAE and MPM in Each Group
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6.2 NN331ABINTLOUENDS

TumsussiiudnenmmsihlunalUldess Inssrassmsgevenesudyyraiismanluna HaUsINg
Filaea LSTM+CNN_G3 Tiinlsgagedl 1,870 aeaaniansy lnsdaidu 101.87% voaiuyuibududsgsninnagns
Fouardeflymls 1,501 ABARSANSY 0819TRLa

Table 4. Gold Trading Profit

Model Profit (US dollar) Profit (%)
CNN 776 42.28
LSTM 1,383 75.34
CNN_G3 1,757 95.72
LSTM G3 1,803 98.22
LSTM+CNN_G3 (Presented) 1,870 101.87
Buy-and-Hold 1,501 81.77

7. @3Unan13398 (Conclusion)

NNsUTeUigulsEaNSAmvadluaa LSTM uaz CNN dmsun1snegInsaloynsuiansnnmnesa lay
Tdiein MAE Yapanunaalndeudaiunm waza1 MPM faranugndesuesfianis wudiluea LSTM flugrud
UszAnSnmdndn CNN flugiudntios Taglsen MAE 523wy 19.98 war MPM Tasiiniu 52.50% Tuvaizd
CNN frugulsian MAE 5911 20.16 wag MPM 1331 51.47% aghalsfimunivastunadafuliaafiugudsdiam
Arudnfegtednau Iniamglunguuualiumiudsen MPM sindh 500

maunIEnsandymanuatilaeniswiingudeyaniuwwiliusateeniu 3 ngu wudinsuuangy
mauliusadwalilunasgts LSTM G3 uwag CNN_G3 fiaruusiugunntunishudwimauasiienis Tng
dethlueaivngauluudazngaunadrsluna LSTMACNN_G3 wudiluima LSTM+CNN_G3 1A MAE 5230
flanil 17.68 way MPM Taugaflanil 50.08% B9gendn LSTM Nugnufle 3.01% wazgendn CNN fugiufis 5.07%
wansiiuinsuuingudeyaaunsaantymanuadlunmsvhungldegaivsednanm

devsefiudnonmeeddumaiiiaundulumssiasinisgevenesasmudi luma LSTM+CNN_G3 &
Hulueafiendfoiinaus Tngliilsgeand 1,870 aenansansy Andu 101.87% vesfuyuidudu ageaniing
gnsdouariiofiliitils 1,501 aeaadansy eredaiau uandliifiudsdnenmlunsiiluussgndldasdunain
N3

8. 8fius18nan1333y (Discussion)
ﬁ]’mwamiﬁﬂmwudﬂuLmaﬁm"]uﬂﬁl,t,u'mzjwﬁ'agamuLLu’ﬂﬂmﬁﬂﬂwiﬁwaé’wéﬁﬁﬂdﬂumaﬁugmﬁ?u
aonARBITULLIAAYY Lin et al. (2021) A% IWiuinssuunguiuunauasdonislualfmnyaufuusiay
sUnuvaInsafinUszavsamnsyeld Ined LSTM+CNN_G3 dn MAE sindigauas MPM gefian agviouls
wiuindeyaamesidaianududeugaingAnssuiunndsiulundazgiana msiinlumaiiendieFeuinn
woinssundentusnalivanzaniian fanfunisuinduieisanmududouvestiymillunausazdondous
ililupaaunsonsadiuiaraniiaudnvazienzressasuultulfesediusy Ansamaniy
Sofasanemumnzavveduealuuiazngunuin nquentu faadsuszdmidsauumnasgugesnis
WasLuUaIIAge Feuansfemnuiuniuvesteyaiiiunn dawalvluea CNN_G3 Aiflanuanunsalunisadin
ArudnvazidAyndeyasunsuialéd wazimsudangudeyanounsilniunasnaaeu danumsnzaniign
dusunguil aenndostunuidoves Mehtab et al. (2020) Aiwuiiluina CNN fussanBnmmiiondn LSTM Tu
sndeya MnmTiezitoyangunsin wuididmdesuunasgugusanadslndeud azvieuinteyardu
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ruustliifamsdnaudmalimnlanalinadnsindifissiu Insluea LSTM Aldlainisuusngudeyalvinadign
naugavinenguvIasliauiunIue luna LSTM G3 Feliusgansamlunisiseuisluuussesenidaiunela
wiugNgalunguil

v

wansAnwaonadesiutefunuyes Li et al (2023) Aiszyinluinauuy Recurrent Network siniadiy
Hymanuarilasenglutasiuunliudoyaiianisndus uaznisiiliea LSTM+CNN_G3 fif1 MPM geiu
wansliiiuinnsuusngudeyaanunsaantymanuardilieefivssdnsnm

Tuina LSTM+CNN_G3 fiinaueiidnsnmgdlunsihluuszandldass Tasdanaldanaalslunsdiaos
flgeaninagnsdounziiofs 24.6% oglsfinu Temsseinsetaiiddylunisldonuais Ao nansdranslu
q'm%%’EjﬁlﬁmﬁﬁumEfléfﬁaulﬂuqﬂmaﬁﬁ’lﬁzyiﬁud annsatonsomenesdiuiilaghifinnuadlunisdeids
wazannsevievedldidusounneilneliigmanmadewionafianasinUimunse Tnelueudu
Famste-vglutiinaiinneailiadeusasiannsato-veldauasuuimuitems

9. UBLEUBKUZIUIYY (Recommendation)

1. USuidsunseunanain 1 Yudu 1 daluemde 15 widl eusuiuaislunsdereuareniia
sUuuuliananunsodousldinnty

2. wmamuﬁmq'wﬁagaLﬁﬁ%'}ﬂﬂh 3 naw 19U MIuUsusEduANTULs eI (Tuuse 1Ty
gou V139 MadBU 11adUTY) LaztiiufulnaTugRamnafiianswaienmnesd wu fuiliiunaaniansy
Snrmenioulonts uasduilsnusiaa (CPI) itelilunaiFoustadoideanvgldfdau

3. yaaaddaanilnenssulunaiifinaududou wu Hybrid CNN-LSTM Model uaz Attention Mechanism

4. voaesnsliluaiuteyadu 9 19u 511U Sasuwaniddeu vislunusuduy q wu msviune
gaunql, musiau wazuaiuniseina udy dowAdaymeng q 1wy Jmdudwnedey Usunauaivly
91 1Hudu

10. msUawmenslilyayuseAugiBeaineassd (Declaration of Generative Al)
1‘145wdwmﬁmﬁwmﬁaﬁisﬁlﬂ?aﬂﬁaﬁr:gzy’lﬂizﬁwjl,muaﬁywaﬁﬁ (Generative Al) 1l ota8imd ey

vedrureanuidy fadulumuulouiadiu Al veai1sansivnis lneld DeepSeek Hreowdelunisifeuldn

Joswhmazudladofinnarauasusuusassansnmuadldalussnintenaiamn
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