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Abstract

ADHD recognition in first years after birth is essential to consider a better treatment plan for patients
and consequently helps children who suffer from this disorder to promote their communication abilities.
According to the latest researches, ADHD recognition through ABR is a useful method for this purpose
instead of surveys or other oral methods. Considering the basis of ABR which is nonlinear, so nonlinear
processing methods can be more effective for classification normal and ADHD groups from each other
than other linear classifications. In this paper ABR signal of two groups of children including 37 normal
and 31 with ADHD disorder have been recorded in a rehabilitation center. To that end, in this study
firstly by using embedding method, the two-dimensional ABR signal converted to three-dimensional
signals to be ready for drawing and calculating the phase space arguments. In the phase space the
accuracy of this hypothesis was checked that if ADHD and normal signals in different time would show
different behavior in occupying and movement through the voxels in the phase space, for this purpose at
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first the phase space data should be produced, but it is important to have access to the raw data of phase
space because if the methods that only print the phase space were been used the access of raw data
would be impossible, Actually using these method for drawing phase space is in conflict with this study’s
objectives, because it is not important to just draw the phase space of normal or ADHD signals but it is
necessary to divide the phase space of individual signals to equal voxels and then determine that any
sample of trajectory points is located in which of these voxels over the time. So, it is crucial to access the
raw data of each axis of phase space of any signal to use them for diving that volume to voxels and then
trace the attendance of trajectory in these voxels and make a new mapped signal that introduce the
voxel number of each point of trajectory against time. Therefore the source data of any axis of any
signal has been produced by embedding method that it is discussed before, it means that we replace any
x(t) by {x(t), x(t+lag), x(t+2 lag)} and they are three axis of new three dimensional space, so we can use
these axis for diving this space to different voxels. The phase space should be divided to equal voxels
depending on the length of each signal, then a novel method of classification has been developed by
extracting new geometry features in the phase space. This approach includes dividing three-dimensional
phase space to equal voxels and checking space voxel’s occupation by trajectory points in these voxels.
As trajectory points has the same time sequence as time series of original signals so trajectories can be
used in mentioned new method to check time occupation of trajectories in phase space. Then by
changing each sample value by its voxel number of that sample, a mapping method was developed, this
new mapped signal is the basis of later analysis and feature extractions in this study. Briefly, this
mapped signal has been formed by taking some steps including producing the phase space signal from
ABR, dividing the phase space to voxels and predicating voxel numbers to each sample. Then to find
some distinctions between ADHD and normal group mapped signal, four groups of features have been
developed in this study including temporal features, extremum features, histogram features, spatial
occupational, Lyapunov features. Temporal features are some common features including min, max,
mean, median, variance, skewness, kurtosis. But further in accuracy analysis of project it has been
cleared that time or sample limited min and max (called extremum features) are more effective and can
make a better distinction result. Histogram features focus is on the most repeated voxel numbers which
means which voxels has been most occupied by trajectory during its journey through the phased space.
Spatial occupational features deal with the span or extension of total trajectory path by introducing
some features like the biggest or smallest voxel number which has been occupied by at least one point of
trajectory, as it is can be interpreted from these two latter features, the subtraction of the biggest and
smallest occupied voxel number can represent a vision of extension of trajectory. Another feature in this
category is the total voxels quantity which are occupied by at least one of the points of the trajectory.
The Lyapunov related feature also calculate the total number of non-zero voxels in a specific duration of
time than can represent the chaotic grade of the signal, beside the difference of two adjacent time
duration Lyapunov feature and show the gradient of chaotic level of the signal that shows the Lyapunov
gradient. Finally, efficiency of this method and features have been evaluated and best result observed in
local minimum feature extracted by the new method and using KNN and SVM classifiers, the best
accuracy is about 98.53 that shows a significant increase in accuracy in comparison with linear
processing approaches. In the other words, this distinction gained from the minimum feature shows that
there are some places among the lower voxel numbers in trajectories which Normal group of signals
desire to occupy more than ADHD group. According to anatomical data which is extractable from ABR
signal in different points of time is reachable in the final mapped data also, because the time sequence of
first samples is saved in the final data. It means that we can check the distinction areas in phase space
and adopt them with time or their anatomical generating source. From the physiologic point of view,
these distinction areas in the phase space are correspond to the activity of the primary auditory neurons
in the cochlear nerve and lower levels of the brainstem.

Keywords: Attention-Deficit Hyperactivity Disorder, Auditory Brainstem Response, Phase Space,
Trajectory.
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(Figure-2): Different stimulus and their corresponding ABR
(a) Click stimuli waveform (b) ABR to click (c) Speech (/da/)
stimuli waveform (d) ABR to speech stimuli [12].
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(Figure-5): Average ABR of ADHD children (Blue chart) and
Normal children (Green chart)
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(Figure-11): General diagram of the proposed method of the paper
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(Figure-14): Effect of changing length of windows on accuracy
resulted from “local minimum” feature in (a) LDA (b) SVM (c)
KNN classifiers
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(Table-4): Evaluating of impact of windows length on accuracy of
SVM classifier in Lyapunov related feature
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SVM classifier in Lyapunov related feature

(0 y3) SVM Cmo (46 Lro) 03g0x0 Jobo FXYREDN

OY.¥Y Yoo \
£ANY YoV Y
Yy .oy AREA Y
ODAAY feve t
A AN O--¥- o
Yo.- . P

YYY L \
Vo - AoV A

Hlows grosls ol gleosls b S 85guxo
-AY -vs¥ STl oagazs JS' (gly (eSileo
S6 L
PRY] RA ST 84 gl eSoboo

8 o F oLl 1FF Jlo

Ty 80gdze )0 Como (pyp 45 dad oo odwlin
ol Foo U FAe 0 ladiged Jolro oS ‘;xﬂgsc Cowddy
ol 5 Gt o5 4 s by b oz oo im0 oo
iz N3 ikl el fal 4wy ples L FFR
Camgho 8390 Sl )3 Sy mile (nl (B RGR
Mo g Og ol iy, diged 5l (4l leo 00) U
Oleedy wind g0 Jdl odgaste o 0 4 p> slacyle]!
o ile So alple 1285 o0 )15 () p 0590 Sy S0
s oy Sl Lol oo ol AR oslal L S
o el b adbidae 0ol Uy 5l leoymy (e
etile ol 6l gl s 5 ol ool i 4l Los
opmy 2 2 slr Ol Usb b b & & (S
() gz 3o o] @l &5l (g w01 el Sglis
Censlodds 03 4

03 oy o GBSl jba oS 3eh e ab>de
Sl ) Como diniy & Sl (B (n ittt il
S3S oo o] gusil



http://jsdp.rcisp.ac.ir/article-1-1436-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-21 ]

Box Numbers

oS kol loosguzme i Lamin Calgh,s 0D (o)
srools iz b LS sbaieS o plad Jow
Pz 5 et sloodguze 4 bgyye wjlen g plle
o sboools 4y bgs o sl JLSK o baojl ol jo 5 ol
@ (nl 5 35S o0 418 e glrosls 5l Sl GieleS
13 e)ls 09y baieS jo Sglas a5 cowl e ]
S 5 gl gy g gty e s S
I RIREYPES EYRIR
Cands Bogdzme 40 dieS 0 Oglas ol azl
o el g pe 1) st coal 3l (lais
o S 5y s uly bl o 5 S
003y 45 sl aille AD Gl Jsb S 45 s
4 bgye (Gges oliiogio Jolo) (ploml asl Lo
Jolae) (Sbl asbidee Cann 9 Sop28 5l Gy 0o
el SG 25 5l am ploy 4 bgyye (U9ed Sz gingd
Sy90 polez B3g9ome ;5 JUSew 50 Syl (o o5 13
Slr amzr Sl (10) JS5 50 285 18 axgs
Cawloas o0l jisled ADHD ¢ wJls 05,5 (slaoosls plos
lagle; Sy o byl sloaiaS o Sglis Gbyas o5
5 (2o U S5 sladiged (r0) S sloodgazs ohge

Samples

ol 03; sools dod Sly > ‘_gl.ib‘.]biﬁ.u 110 - JSC&)

(30,8) ADHD 4 ( )
(Figure-15): Box signals for all ADHD (red) and normal
(blue) data

ol sbdiges a5 Col asteie p)lez Bogdme o
o33 ADHD sladiges ,0 a5 Wby e Sy SO
2 bages cnl 5o @l Gl s 95800
B YO 8)leds b o> slaplall) 5 glad 5l Sl o
15 a5 ADHD (slo Jiw 5 igd e s, (Jaz
Do 4SSl gly Bad e s ez slagldl ol
Cawddy 3B lad jo bass ol o jsax> 3l 6wl
Solds Jomo a5 > lagledl cpl (VF) USS jo !
b3gazes ;0 ADHD 4 ol sbooosls (5,4555,5 jga>
o ool lias (6,550 K, L sl ools p,lex

Jol> 515 5529 Feuly a5 Glosgasne 1o aS 0ad so ala>Dle
S Slew slaosls sl Sebld GlapbolS aex
‘;J;U}w—‘ S.A.HSULU «.\J‘BJLSA L)"‘ 9 Sl p.n.w 6&00‘0
Gl 5 35500 4 s a5 oy o i sl gl S
gl ADHD 4 M ol 3l il Jgo S o0 4 conlio
F e 3 s s a5 Gl (g8 (SigFosil b ABR

S35 At g Sy ¥
09,5 93 dmalie 5 (B30 n ln oz Jfpl dllde (ol o
098> gy Sl 2 Ghsy (nl el Al jle 5 @Il B0l
Ol sy gl g 5 lad calise lap e ;o (6,955
G5 (oyp Sl el (e Jlow g ol 095 90 o
JB adl g colf (oo G Mgty (5,555 y3a> e
Glise o 5F & 6 61 ) S Jobo b ke
3B slad oadosls zusgi hg,y bl jo g ol s
ol 69y 35 bl 5 Glojy JUSews (59, 5l diges 2 s
sy 9 B> 6)l080 )l b aclsl o 5 09l o Sl
T e
5lsb Lxyl )0 45) apdr (slisb 4y 56 (glsb ) axilocslSs
sl (0g8 00 oapal Tar foges b JiKw b e
53 0013 09,5 93 anslie o)y g Lo Jelod oS 09 o0
3550 Ayl JUKw a5 bl g o plol am glad
baupsylid 09> a5 Cawl ABR LS bxil o om0
o oy b 3 Sy Ko 4 she Bl gy
05,5 Laax |, badiged Jlgy 50 adlcils JuSw colsyo
or ® JFes Wgls 053 0 1) ey poeie soe
2z op oo Sy S Sy 5l JuSKew 09,5 93 ples
ST by Lol bl i85 55 (6,503 Dglite sla g
(o Glad) W lad ool 0 o5 Sl sla Sy
4 W3g s 5 6,0 la Sy i g Wad e
Pl embie @D iad (Bme SSE 4 aw 23 0
adl g wioly lis 095 3l jlews gl sboosls (guaiws
9 SYM (guuailo )0 | 4l (e (oo &S (S
3,5 obul de o ANBY ceo L KNN

ol o S Shg j0 cadolml Cors cle
2 e g sl gleooly dux b JLKw a5 cul
ob JS wiloglys slls bl S 0 olislbai.S
Syl Cledy &5 09 Wged Jli S0 gl JUSew
Shls a sl JuSew B lad adgs ;o oudolxl
St &S A8 les oS Coul diged dags Sga> Job
bas o3l 4 jo bareS o Dolas il ools xussd

! Box space
2 Box signal or chart

77 2l ¥ ol VFeF Jlo

&


http://jsdp.rcisp.ac.ir/article-1-1436-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-21 ]

&8lgy0 il Jlow 9 plles 09,5 95 (s OMSEt B3g0ts o
5 il gla S Jolos gl o)l Wl oo S35, 0
ol oy Grog & plo S o5iga il 31 slas
S 555 Alie cnl o adlasly andls ol coesl
algny o ol Sy gl 4 Cod I ol o5 sl
2 Olgise 5 ab Bpo wril alilb 1) oI5 o Jasge
g Lad ol (e gyt Slo S glmil 4 oasy]
Jbe sl 12lo  ange o Sy Sl 5 ol dlia
I S 0955 ke PSS (i (s)lel (slasbg, b
b S59 oo b g oad (Byre Sy mile Slow (nl
5 o5 sl Il crl 5l Olgi e ssbimen 0,5 Sl )
WSS Cals ) a5 bt G LS (i sonaiib
Sy drog Vg anil ally wnSly g e
L olgisn oy gy adl ccsloyy andily ails sasin
L St @ls samaib it gloaddie » e 35505
s 4oy byl oo allde (ol o a8 06l o

eor 4 SYlie (Sp 0 Sl 4 gl
01 45 o Jlael Sy 5 ABR Gl (ot ) S
3 OlFe WNilpes (uslod S adei 1, bl gl
5 o dyme sl iSw o LIl () 4 oan]
dez) 9tes ABR laguly 5l 3l S ol ol
4 b oogh asle, adyl S > g (N dx> 5 A
s o 5 ol sloesls LT a5 g9050 (ol (o
ol ys S lo y Wls adgl Sy b bl e Sglas
Al cpl 5l Bas a5 0,5 o)Ll geoge (ul 4 Wb
50 ol 5 clas g ABR sla U Judos 5 oolasu!
G oy Yo 5 ol ol ot
gy Rl S8 g LI byl 9y S e
=5 7 sty lesliiul (ogas 0 g Calosy o>
ol as sel S5 Wl (Ensemble ¢ Stacking ol
Lol (oS SaS panseid S8 g 4 Wislgs oo b g,
5 bl owor 69 2 Sedyl adlae Gl o
dalol yo .88 |18 golpriny Loz b, slacesgue
G 5,5 oolittul 5 (oS 5 Loty Sl Olgien g5
iy, b awwlie ;o0 asis Cubll 5 S8 ogup
D55 518 (Sb3sl 950 2925

SIS b0

o8l alas 5l ol o pile 1) 093 Alie o
dwbo ;0 ABR & by gloosls ol anl o a5
Slrge 9 &5,8 laple plo 5 Logs gln s
Coles ls,S wali |y lie ) ety s
sl ansle 1y Slo,a8 5 ulew

! Correlation

8 o F oLl 1FF Jlo

A2

inr S LS dlwgay o5 gozmo slagloll 115 - JSC5)
x> L LS w o5 Jb> 50 tiig oo Jldl pdlu gbrosls
95510 yguas o Lad soguo (w0 yeS ADHD slassls
el 80gume Joleo a5 o JI VO 5Ll e sbaylodl)
(s Jbojy gresls

(Figure-16): Voxels that are occupied in Normal Box chart (voxels
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