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Abstract

In recent years, many articles and researches have been published on
the use of machine learning methods and algorithmic trading in
financial markets in order to earn returns. The aim of this study is to
create an automated trading system using image processing by
convolutional neural network. For this purpose, initially, after receiving
the data required for the selected stocks, 28 technical analysis indicators
were selected and the values of each were calculated separately for each
stock. Then the time series of these indicators were converted to 2D
images, and as a result, for each data on the time series of the stock
price, a 2D image with dimensions of 28 x 28 was created. After
labeling each image with one of the buy, sell, or hold labels, these
images entered the convolutional neural network. Also, to evaluate the
return and risk of the proposed system, a method for buying and selling
based on the results of the model in the past has been introduced. The
results show that in 80% of cases, this method is more effective than
the buy and hold strategy. It also always performs better in terms of
standard deviation risk and maximum drawdown. Also, the results show
the high impact of trading commission on the Tehran Stock Exchange
on the return of the model. In such a way that the model loses many
times the profit earned for the payment of the commission.
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' Hidden Markov Model

" Support Vector Machine (SVM)
" Artificial Neural Network (ANN)
* Self-Organizing Map (SOM)
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' Recurrent Neural Network (RNN)

" Deep Belief Network (DBN)

" Restricted Boltzmann Machine (RBM)
" Long Short-Term Memory (LSTM)
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YRR Sl O oladn Sl Sy ke St 4,0 V5

zels a0 S oolaiw | 4 (6099 lais 4 Sl slacwed 5 (olaEl gl gl )l 5 (o0l
@ Cuus F1-SC0re o (ol el )bl 5l lawgs oais 48l asiis aS by oyl
IVF] Casl atily gy 3ySas ABlis &y 4 LSTM g CNN glaasiiis

eritet sl LSTMEONN oS 5 e 0 (V09 05 5 05 i S s
o] b o5 ond a8l Jae 4 sl LS guls .55 )S esliw | S&P500 (slapges Cuosd
Oygo 4 LSTM 5 CNN (glaaSe i & s dlas 6,8 0jl0] calises (slahg, Ll
DIY] 88 8l st i dlys g atsly (68 (sllad &l

Soul sl Golase (63,S5g; 5l edla wl b (Sod adss ;3 0 (Vo) sBgbigl o )l
ORI Cuwd g (D958 h B lacud p (Snphe 2aB (LS Glagl 4 Cuns gl
28 )5 aons Colgg 50 . 03,5 3)ls CNN Juo & |y bacuws g polad (pl G iz Iy 1

F85e 5 NS e S Syt (23l RIS 5 2 gy A Comn dinslgs ol b, o

IVV] cawsl 038 Jos
Oitred Cawl 0ad 0dlaiw] o i Jde Glgis & oy aas &bl iagh cpl 40

o 05 o3litl (S5 303 et 5o 35 Jao 3,Skos o3l el
rrtete S Olys 4 ojlgen (iomy (e A ity (aas S
Pigel B 9y b Y iy aSid ol 1 05 (0 031 b e 650k slagiy)
o2 deed (L) Jlows b U (egtan mas (bdSid g odomy (as Sl Aine
peas BB 5 650k BB slagbl 5 bajs b 0g)g8 o0k Sl 5l aaSid ol i
o (639)9 wpd o b ¢(639)9 (g3lass Bl > | s U 0)l> atlg y5)88 yo bilodds oS5
) laoes 03,8 ool | Jos e (g3l Jlebd b G 5l il )0 g 08 das bro 1y 35 0
B S d ) plygid e jliel @l S Coled o aSed 5w ) (295 Gl 4
A8 sy sbajliel S0 Byl 53 9 (63959 pglal Pl b Sy U ol B K4
Sy las b S e i MolS 0¥ (lod i B 4Y )3 baSi 5 g5 ol 5l
I o 5o o bl 3 e Jgoms (s cl0aSd 3,90 53 45 IS 50

4 Yl usbe CNN &S 6 ommd S Jol &Y s (IS job &
aalsg Y ,» Fully Connected « Y 4 Dropout 4, Y Pooling « ¥ .Convolution
Ko siilen oy (eae & 0 ) Jue (Bjsel )b |y 05 &y ogasie g Clise
2 e o LS5 Backpropagation 4 Feed Forward (sals o 95 5l sas slaasis
&lg 3> Jos opl 9 (o0 3)lg 4SS 4y (63455 polas Feed Forward slea b Jol dbs yo
Jlosl 5 aabdl )3l g)95 o slajiall 5 (63959 poloal slaosls oy (sl )2



V£ Oy 5 OB S Sl a3lizd b 758 Dalon s & 1

Jo b (oo Clus ad (295 (o jlam 5953 oo Jlosl 4 o (g5 oz Slles
95 ) Jo b aonti jlodlil b s i (a5 (2jg0l) 4 (sl ol malats g
L1y aSes gy dlas b oS 5l odli | b 1y pglite s 2385 oo 03lits | dgus Lo 45
al> yo ¢ gdm Al yo > b ] o cwd a4 s e g S o dunlio pue o xwb
bcals o opl (o 55 295 oo 5ET 00 o Lo (slbs |50 4 4n95 L Backpropagation
oS 6yl dogi b e 9 9945 o0 duwlxo yiohl o Ll,S Chain Rule scl8 4 an g5
0 Caleg 3 S (o Iy et Lo piall (oo )l> 4S5 0 Sl gllas el o
oo Lo laws 4S5l o 239 e 52T Feed Forward (cam als o b jzol)b s 59,4 51

ayieo bl & aSd Bjgel ad S5 Jale )

@ lgi el gy o H5 A ol (ganaiwd gly &S oo Jhe )0 . NSy o0 yd i plo
A bl 0 zuls &S 1 )8 d b o )S ) sl Jde dilen |y Jao > ool
sy sleno Oy & 03,5 Guintd Cuwyd Jao o lbsgyg daai Log3) o Bl it
O 53 ilodd ot ol ! bodly I jlade da wuily cuol p3Y B Cung (S5 Jae
O gy Cgol ( IS asti 5 CE b duylie )0 diw 5 S a5 C8d aS ¢ sBlge
NXN s le K (Sisoynm)d g yle ble lo SaS a4 (SKiSu,0n)d L yle pordo
IS 4w ple oS (23 Y )N Slcwwl bo Jlas 500 (gladiwd dlaws lea N a5 cowl

Wl e 3V Jodo

XY (K o) et pilo digad ) fod>

D it e s 52

Bl laie Cudo (TP) A g iy S (gianyd &y (FN) A g iy st ol &y
o> e (FP) o i Custo ol & (TN) o i (st (swyd &

shiled 09290 (Bly MBI ol ]y anadl 5l o b gols (K5 ym)> e

9 byl e (gl oy o iy B ke cpl bl 2 Sl e

4 gl Jlne sl Ygyghal Jlne dal i ghite ) (S 08 i ], 285 (6ol

opl Blods 033 Lasi 5w pd 4 g0l Al ye 135 lge 5l w5 d &S Cow | gxe )
Db g0 Aol 5 Gjgo 4 atwd jlplaS ya gl el

(1) alail

' Recall



YRR Sl O oladn Sl Sy ke St 4,0 \5Y

TP TN
v.- L Recall =

Recall = T5=0 X TN + FP

Caigds )0 wdidawd diwd Slod 4 3laio pa Cuxbly )0 wilad )3 )1 )8 diwd K a5 olaodly
0556 . Nilaid )3 )18 (6,5 (saiiwd jd olidl ol I liee ax a8 WS o oy slme )
il 15 Oygo 4 )] dulxe
TP TN
Precision = — X y.. L Precision = —— (V) dad,
TP + FP i TN + FN
odlizw] o 51 g ol 3 a8 Cowl 63,y 0 slme 3T lgie 4 F1-Score wolgs )y
e 93 S 5 5l 90,5 o0 )18 o3latal 3)90 Juo 3, See (S L)l (sl Jlme ol 295 0
D9 o Ly 35 Cygo 4 lime (il Sede Jols v g 5y5lk
Recal X Precision

F1-S =2X X Voo Y) alal
core Recal + Precision ) )

Jdo b €83 s i bl gS005 ) 4 d ya s ) g 0 o bylee pl V2
A Jde ol B oniad LS Wil S0 ¢ 4 ds g

ORRg R (owlus g, T

Sy Gy ol 5o o bl Jae b o)lil St a5 jebjlen J02I> CBL > L)LY
99239 59,5 gl (o)l slapr jolate (py el ond (b plow L 5> dloles
P g bl IS ) ebdiges plaie 4 plid bl @l osgr ple Sl o=
5 o o5 2529 pas g (SMelre (slojg)) oL j 02 Bluwd cCuriio )3 lo (SuiST,y oloxl
Q& Jdo paend gl Camio jd (SuS1y Sad Cbl (ae SY el gy s bbb &) Sl
dg pas 5 3L slaodld dlasi 4y Gros (6 050L (sl Jae jLo s 4y edly oL olas o30S
Cuoud (g20d]d s Llods 48,5 Jlas 10 aosld (0 Siwew Jd 4 o Sloj g (siosd 5
Coadd iy Jso 33 aloleo Cead (250l i oo 19 eloleo a2 5l calobes
GB BAYATN 0 206 5l ailis) Sloj oy 3 bar—w cul ©Molas o> 5 SLL

s bl el el Jlo leMbl jilsp <8 s 51 YWAN - 0/Y

' Precision



Yas Oy 5 OB S Sl a3lizd b 758 Dalon s & 1

B9y (05 >y p38 plgl daodly Bl o Gl e 0D 59y (30 i 0 VLY
Sy e S o CBL Y astiio lacans p b gl (goldad ek pl Jde (Caslaedly
Gz gy a0 B a8 lai glaisS @ 1) Jao (sbayig 88 oo (o ]SS g3ls5 ]
Gdudiwd g9 3l g oaslla diwe S§ pl ST ot ey & ]y bl pl el s

w212 (PR3] 01g) ) 9 (B9)8 B ez 9 A Lo Jho (il )3

2000

1800

1600

1400

1200

1000

800

1800 1900 2000 2100 2200 2300 X 2400

2028 poter Jged il (i gy (BLE ol) ()45 5 () Japd ) pd) 4p3 slocusy pivled ) ) Dged

olisl jasetio Jobo b S yeita Jloj 0,2 b o yg8I S 5l e jcamz 2 0218 ool (sl
s osizn b oo oo 3Sla LT &S 000y Lausg abal Comdy (qwyp slp I ol w8
Cand by alad a0l w99 VY Sloj oy Jsb ST Jle job 4y il posl &5 L ol
(mosie L) porjSlo &5 (590 )3 & b Conl (posien L) moujSlo 255 Jamy g b 0310 0 &
SRS oz 295 plS g ST Ll 5,5 oo Ly (15 L) (98 o i (] g2
1ol 045 03)9] 113 53 oy el pl 38 o Bl



YRR Sl O oladn Sl Sy ke St 4,0 \5¥

j=i+10
k= (i+j+1)/2

X(k) U X(k) Ul

Py Sy pooaly o xSass
X(0) slweals X(i) slaodls o
5o g X(+1) 5o s X(i41) 5

Sl X(j) Sl X()

T
X (k) sy XOK) ey
e s L gy

boodl> 59y (i o it 55 Ty oged

U0 o yd B gd> g S e p odDd 1o )d B dgas Sk job 4 VY 0y Job b

ol 0,8 Cdl ) (4IRS g bhodly opd Ar le i3)S 8Ly (9 e
i (S Ty edly gaen (Solw 4 Jae b bodly p Ple pas cel Cunsg
L e b gosly bopd o Bl (g5l o3l 5145 30l 03l GBS ) oree
S0k &S (Sy90 ) e b b bodly )3 ol pae JSuie g Moo 58 (1598
& o &S b o LialS gas a4 Aol pl W e oS ds i bl oL &S
250y Cunilgs goi y5Melae )3 @i b S Lo e @ e |) o sden Juo
Ol V) alols 48,5 &g (glbad g 905l b b ued 40,5 o0 b g 3515,m 1) alelre

cloodls bl onds odlinl ol 5 Limgs cpl 0 4 (63,509, cmglal il S

Jalos el 51l 1 e gl 4 bmodls cpl b jslaie 4 il pgal 4 Jlo Sl sy
o235 o3liol 5 JSwiSG Lo (sl )10l 5l pgles bl (gl madS o0kt JS0iS



V150 Oy 5 OB S Sl a3lizd b 758 Dalon s & 1

bug o Cosl JSS5 Jlow glapasls o ipgu o jl (S o ©pa8 2SS
bol 8" @y 1y (guad (4350 L9y Slg o 5L &S Cunl pl sdima lis Ve 4 Sodp
) BBl L3 g (U892 L) (B3I (09,8 gobhaw oo )Ll 5 4 &S dius Ve
ol (35
Voo

RSI(O) = — —averagecam®m (¥) dla,

Average Loss(t)

A A S Sloj oyed K5y Caasd (pSko o3l S yxie 1Sile Sodles S pxie 1Sle
Slee 059y B S poie (5S0ke o ok 4 NS g0 (6 pSojlul ]y KT (oo et de )
Al 0gd o Bl Las Jlojoyed SO aS b ya e o Gl |y alh IS je, O 40 Cueud
Jorks o S e (:Silke jlale (pgo iy 29 o0 ALB 1S gy Slias Lo Sl Gloj 090
a2 pCwl Sl po el (Sooad Qbal Sloj o)9 ()% (a3l ja e 09 (o0
5 Y 9 Gl el Ciod Ol o 4 S ot (ke Bl HolisS” (Sloj )92
Sl gy Coma s Lol a1 el S it (1Sl 08 b paitly (Sloj 093 do p Lol S oo
el ol 318 o Crod

M(k)
n

SMA(M,n) = ¥{13,, (8) ks,
w.i:l.»..a) L,’.)Lou kS)?b.o ‘}i)L.A 9.) uLA J_.oLD.J ‘NAS)?M U&JLA u.,l)fb—u’.,l)i@

b 0556 oy yguly el (WaeolisS oles Syoie uSke (sloge Glenily oles S i
dlo)ﬁb VY ‘_,’.:Lo..v kj)?hﬁ ‘}.i)L.A gi’ 9 LS‘°)9'> \td (_,’.’Lou cS)DQ.A JK’LA k_§) MACD
i 15l eloygd Y Sl 1 5L (cloygd VY 3:lks oS o] st loj MACD

' Relative Strength Index (RSI)
" Simple Moving Average (SMA)
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Value= Value = (Sell Price / Buy Price)
Sell Commission= Value * 3ell Commission Rate
Value= Value - Sell Commission
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