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1. Introduction

In analyzing neutrosophic exploratory data, Hanning and Hamming windows are important windows in reducing
uncertainty through a special algorithm for each method, which contributes to analyzing data in a way that is closer
to reality. These windows are of great importance in eliminating distortions in data. In 2014, the researchers Prajoy
Podder and et al. made a comparison between the performance of the Hanning, Hamming, and Blackman windows
in terms of analysis [1].

In 2005, the researcher Julio Barros and others presented research on the use of the Hanning window in consensual
analysis, in which the Hanning window was studied in the treatment of a large consensual stream [2]. In 2023, AST
Mohamed et.al mentioned the comparison of the performance of some proposed smoothers in three types of
Hannings and their application in forecasting. In 2023[12], Shaju, et al. proposed a neutrosophic trait index to
explain the psychological concept of the anti-trait using refined neutrosophic sets [8]. In 2024, as a proposed
technique in Neutrosophic Exploratory data analysis, Ahmed et.al introduced and implemented a method to detect
and treat outliers and extremes, which could affect the results of the analysis [7]. In 2025, Khan and Krebs
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introduced a proposed technique to improve the existing neutrosophic structures to be more beneficial for
researchers in their studies [6].

In this paper a proposed technique which will address the concept of hyper integrating two important techniques in
exploratory data analysis, namely Hanning and Hamming. The proposed techniques have been applied on three sets
of real data.

2. Algorithm of Hybrid Methods

1. Data entry: Reading the initial data as intervals (minimum and maximum).
2.  Window  weight calculation: Using the BFGS algorithm to
w; (Hamming) and w,, for the window (Hanning) such that: w; +w, = 1.
3. Then, the error is reduced or the accuracy of the results is increased (depending on the context). The BFGS
algorithm is used to obtain the optimal weights in step (2), and it is formulated as follows:

e  Start with weights w;and w, using random values.

e Problem definition: The Mean Squared Error (MSE) is calculated using the following equation: MSE =

;Z?zl(DAcuali - DEstimatedi)

estimate the  weights

1
¢ Updating the weights using the equation: w; = w;  + a%)z,i =12
Yj=1lg:
Where o is the learning rate and e; is the error value. '
e Werepeat the steps to achieve the ideal weights.
4. Calculation of individual results: Multiply each segment by the Hamming weight and each segment by the Hanning
weight, applying both windowing equations.
5. Calculating the hybrid score: by applying the equation below: Hybrid = w;hamming + w,hanning
6. Output of results: Present the results as shown in tables 1 to 3.

3. Application

In this part, an application of the hybrid method, which combines the Hanning and Hamming windows has been
applied on three types of real neutrosophic data. The first dataset pertains to COVID-19 in the Netherlands, covering
a 30-day period from March 31 to April 30, 2020. These data were formed from an approximate mortality rate taken
from Al-Mongi et al. 17 [3]. The second set of data represented the estimation of intervals for infant mortality rates
for those under the age of five [4]. As for the third set of data, it consisted of real data related to the monthly
minimum and maximum temperatures in Lahore, Pakistan, for the years 2016-2020 [5].

Data 1: represents a COVID-19 data belonging to the Netherlands of 30 days, which have been recorded from 31
March to 30 April 2020. This data had been formed of rough mortality rate taken from Almongy et al. [9]

Table 1. result of data 1 for Hybrid Method .4

; Optimal weights ; . ;
No | Neutrosophic data Hamming Hanning Hybrid method
Whamming Whanning
[1.19308,
1 | [14.918,15.66390] 0.07998 0.00000000 | [1.19308,1.25268] 0.00000000 1.25268]

[0.00003640, [0.91241640,

2 10.056,11.18880 0.09073 0.00000362 0.91238,1.01516
[ ] [ ] 0.00004050] 1.01520050]
[0.00017589, [1.50366589,

3 12.274,12.88770 0.12249 0.00001433 1.50349, 1.57857
[ ] [ ] 0.00018468] 1.57875468]
[0.00032513, [1.78823513,

4 10.289,10.80345 0.17377 0.00003160 1.78791, 1.87730
[ ] [ ] 0.00034139] 1.87764139]
[0.00059208, [2.62388208,

5 10.832,7.09900 0.24218 0.00005466 2.62329,1.71924
[ ] [ ] 0.00038803] 1.71962803]
[0.00058496, [2.30397496,

6 7.099,7.45395 0.32451 0.00008240 2.30339, 2.41871
[ ] [ ] 0.00061421] 2.41932421]
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0.00067301, 2.47219301,
7 | [5.928,6.22440] | 0.41692 | 0.00011353 | [2.47152,2.59548] [0.00070662] [2.59618662]
8 | [13.211,7.96800] | 0.51508 | 0.00014661 | [6.80480,4.10419] [0.00193698, 1680673698,
0.00116836] 4.10535836]
0.00143488 4.89705488
9 | [7.968,8.36640] 0.61441 | 0.00018008 | [4.89562, 5.14082] [0_001 50638]’ [5_14232638]’
0.00161062 5.38822062
10 | [7.584,7.96320] 0.71026 | 0.00021237 | [5.38661,5.65578] [0_00169113]’ [5_65747113]’
0.00134420 4.43501420
11 | [5.555,5.83275] 0.79814 | 0.00024198 | [4.43367,4.65639] [0_00141137]’ EL65780137]’
0.00161180, 5.26891180,
12 | [6.027,6.32835] 0.87395 | 0.00026753 | [5.26730,5.53065] [0_00169239] [5_53234239]
0.00117915, 3.82838915,
13 | [4.097,4.30185] 0.93415 | 0.00028781 | [3.82721,4.01862] [0_00123806] EL_01985806]
.0010901 5249401
14 | [3.611,3.79155] 0.97592 | 0.00030189 | [3.52385,3.70012] [0(?000011052703]’ [33?750129640703]’
0.00153309, 4.94814309,
15 | [4.960,5.20800] 0.99730 | 0.00030909 | [4.94661,5.19394] [0_00160975] [5_19554975]
0.00231756, 7.48127756,
16 | [7.498,7.87290] 0.99730 | 0.00030909 | [7.47896,7.85185] [0_00243355] [7_85428355]
0.00209512, 6.77497512,
17 | [6.940,7.28700] 0.97592 | 0.00030189 | [6.77288,7.11230] [0_00220007] [7_11450007]
0.00152741, 495905741,
18 | [5.307,5.57235] 0.93415 | 0.00028781 | [4.95753,5.20539] [0_00160398] [5_20699398]
0.00135009, 4.413050009,
19 | [5.048,5.30040] 0.87395 | 0.00026753 | [4.41170,4.63218] [0_00141773] E}_63359773]
0.00069133, 2.28098133,
20 | [2.857,2.99985] 0.79814 | 0.00024198 | [2.28029, 2.39421] [0.00072586] [2.39493586]
0.00047868, 1.60140868,
21 | [2.254,2.36670] 0.71026 | 0.00021237 | [1.60093, 1.68092] [0.00050265] [1.68142265]
0.00097801, 3.33803801,
22 | [5.431,5.70255] 0.61441 | 0.00018008 | [3.33706,3.50376] [0.00102683] [3.50478683]
0.00065417, 2.29934317,
23 | [4.462,4.68510] 0.51508 | 0.00014661 | [2.29869, 2.41332] [0.00068689] [2.41400689]
0.00044084, 1.61942084,
24 | [3.883,4.07715] 041692 | 0.00011353 | [1.61898, 1.70025] [0.00046288] [1.70071288]
0.00028519, 1.12300519,
25 | [3.461,3.63405] 0.32451 | 0.00008240 | [1.12272,1.17906] [0.00029945] [1.17935945]
0.00019934, 0.88324934,
26 | [3.647,3.82935] 0.24213 | 0.00005466 | [0.88305,0.92714] [0.00020931] [0.92734931]
0.00006238, 0.34304238,
27 | [1.974,2.07270] 0.17374 | 0.00003160 | [0.34298,0.36011] [0.00006550] [0.36017550]
0.00001825, 0.15592825,
28 | [1.273,1.33665] 0.12248 | 0.00001433 | [0.15591,0.16371] [0.00001915] [0.16372915]
0.00000513, 0.12847513,
29 | [1.416,1.48680] 0.09073 | 0.00000362 | [0.12847,0.13490] [0.00000538] %.13490538]
30 | [4.2354.44675] 0.07998 | 0.00000000 | [0.33871,0.35565] | 0.00000000 10.33871,

0.35565]
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Neutrosophic Data: Original vs Hamming vs Hybrid Weighted
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Figure 1
Table 1. test datal
S.I e.B
TEC H I.D RankI.D eB Rank eB Sum Rank
Original All 21.65025 3 60 2 81.65025 1
Hybrid Lower All 39.72344 2 60 2 99.72344 2
Hybrid Upper All 52.13228 1 60 2 112.13228 3

Neutrosophic Data vs Hybrid-Weighted with eB Test Points
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Index
eB Position 2 above V' Below Data Type Hybrid Lower Interval Neutrosophic Hybrid Upper Interval Neutrosophic == Lower Interval Neutrosophic =#= Upper Interval Neutrosophic

Comparison ~ eB_Value Points_Above Points_Below Points_Equal

1 Original (xvsx2) 60 60 0 0
2 Hybrid Lower Interval 60 0 60 0
3 Hybrid Upper Interval 60 0 60 0

Figure 2
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Data 2: Interval estimates of infant death rates for the age less than 5 years. [10]

Table 2. result of data 2 for Hybrid Method

No Neutgz::phic o Opt.imal W“;ifhtsf Hamming | Hanning Hybrid method
amming anning
1 | [31.5331.81] | 0.07999920 0.00000 [22_'5515427463]' 0.00000 [22.:[35;427463],
2 | [29.33,30.08] | 0.09444906 | 0.0000001571 [22.%3747 100233]' [0%000000000;}762058 69]’ [22_57471002334476205869]'
3 | [27.23,28.67] | 0.13689863 | 0.0000006185 [33 ;9722368767]’ [00_ '000000001176 78 ; 21:3], [33?;97223687787678; 214%'
4 | [25.09,26.34] | 0.20466795 | 0.0000013552 [55_'31930591;’ [0%000000033; 6();6200]’ [5?'31930591875460806200]'
5 | [24.20,24.88] | 0.29351706 | 0.0000023209 [77 '3100237101]' [09 600000005576 714645 (% [77.'3100237156767146450%’
6 | [22.00,23.50] | 0.39784902 | 0.0000034549 [98_'37592 46 58]' [0%000000087 16 1090072% E;?'3745925735161090072%’
7 | [20.66,22.09] | 0.51111489 | 0.0000046860 [1110_'2595095633]’ [00_'0000001009365 5132 % [1119 '2595096732 365 5132 7%'
8 | [19.74,18.57] | 0.62619374 | 0.0000059369 [1112_'63268140015’ [00_'0000001111072129; f']’ [1112 '63 268151150721; ; fr]'
9 | [18.57,20.03] | 0.73585264 | 0.0000071289 [1143_ '7646f 173’ [()9600000115 2273951396]’ [11: '7646 14 29512273951396]'
10 | [18.04,18.77] | 0.83320167 | 0.0000081871 [1155'6033902906]’ [00_'00000011; 3766 75 1593]’ [1155_2339131: 3766 75 1593]'
11 | [16.89,17.89] | 0.91214088 | 0.0000090451 [1165'3410862006]’ [00_'0000001165 12 87176187]’ [1165_ ';10 86 32 6112 87176187]'
12 | [15.92,16.21] | 0.96769032 | 0.0000096489 [11557"6480652645]’ [00_'000000115563 46 41565]’ [115525653?9054641;65]'
13 | [14.51,15.92] | 0.99636036 | 0.0000099606 [11; 5465270159]’ [00_60000011;5652502;’ [11; 5‘2272303;525025'
14 | [13.92,14.71] | 0.99636036 | 0.0000099606 [11: '685669435’ [00_6000001143256352146]’ [11: 256220725635215'
15 | [12.73,14.32] | 0.96769032 | 0.0000096489 [1132_5351783730]’ [00_6000001132;18;;35]’ [1132 '835178562821883535]'
16 | [12.20,13.35] | 0.91214088 | 0.0000090451 [1121. '1172780182]’ [0%0000011210073 552012]’ [1121. '1172 78 22 030073 5520 12]'
17 | [11.18,12.68] | 0.83320167 | 0.0000081871 1[?)';22;3’] [()9600000100931;03: f]’ {gﬁigﬁg;gﬁﬁ‘]
18 | [10.21,11.75] | 0.73585264 | 0.0000071289 [87.'6541 65 2096]' [00_'0000000087327754661]’ 237..65416531733277884661]’
19 | [10.12,11.03] | 0.62619374 | 0.0000059369 [66.;)303:9018]’ [()960000000665() fg 415}]’ [66.29303479174504088410?
20 | [9.12,10.69] | 0.51111489 | 0.0000046860 [_:;}6663183 27]' [00,600000005402079336 33]’ [5%466631;710207933633]’
21 [8.47,9.42] | 0.39784902 | 0.0000034549 [33 '73f79 77 f]’ [()960000000322952 46 5320]’ [33.'73467978702952465320]'
22 [8.59,9.28] | 0.29351706 | 0.0000023209 [22 '75223183 41]’ [09 600000002119 59 3386 05]’ [22 '7522318362195933860?
23 [7.659.03] | 0.20466795 | 0.0000013552 [11 é55851751], [09 6000000011202336 7753}’ [11 ;35468517622023367753]'
24 [7.77,8.59] | 0.13689863 | 0.0000006185 [11 '1076 53 9760]' [00, 6000000000; 3810 2597]' [11 i076539760; 38102597]'
25 [7.23,7.98] | 0.09444906 | 0.0000001571 [09 '765 3278 07]’ [00. 60000000001121533578]' E)(? '7658327807112153357?
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[0.54479, [0.54479,
26 [6.81,8.06] 0.07999920 0.00000 0.64479] 0.00000 0.64479]
Neutrosophic Data: Original vs Hamming vs Hybrid Weighted
30
20
g
10
0
0 10 20
Index
=®- Hamming Lower Interval Neutrosophic - ® Hybrid Lower Interval Neutrosophic =€~ Lower Interval Neutrosophic
T
e * Hamming Upper Interval Neutrosophic - ® Hybrid Upper Interval Neutrosophic =®= Upper Interval Neutrosophic
Figure 3
Table 2. test data2
S. | eB
TEC H 1.D Rank.ID eB Rank. eB Sum Rank
Original All 1.811041 3 26 1.0 27.81104 1
Hybrid Lower All 4.722843 2 30 2.5 34.72284 2
Hybrid Upper All 4.897550 1 30 2.2 34.89755 3

Neutrosophic Data vs Hybrid-Weighted with eB Test Points

Value

B Position 2 Above V Below Data Type Hybrid Lower Interval Neutrosophic Hybrid Upper Interval Neutrosophic == Lower Interval Neutrosophic —*= Upper Interval Neutrosophic

Comparison eB_Value Points_Above Points_Below Points_Equal

1 Original (xvs x2) 26 28 2 0
2 Hybrid Lower Interval 30 0 30 0
3 Hybrid Upper Interval 30 0 30 0

Figure 4
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Data 3: real dataset related to the monthly low and high temperatures of Lahore, Pakistan for the last five years
(2016-2020). The data observations are collected from World Weather Online. [11]

Table 3. result of data 3 for Hybrid Method

No Neutg(;::phic wh:)ji::al W’ifi\/i}:iing Hamming Hanning Hybrid method
1 [46,72] 0.07920 | 0.00000 [53.'76(;}2342]' 0.000000 [3.6432, 5.7024]
2 [49,80] 0.08178 | 0.00003 E£f2742]' [0%00021440700]' Eg’ff;goo]'
[ awe Lo | | G | b
T o [owon | | borm | g
> [84,107] 0.11990 | 0.00045 [1129%30279136]' [0%0438718500(;’ [112%17079445000]'
6 [91,110] 0.14225 | 0.00069 [1152.6944;5%' %960765297090(}' [1153?'702037450900]'
7 [88,104] 0.16904 | 0.00099 [117%.58870525]’ [()9i0082791620()]’ [117%.698632166200]’
8 [84,102] 0.19998 | 0.00133 [2106.'3799880? [()9i1315167620()]’ [2106..593130606200]’
e o [ oot | G | fea | (o
10 [69,97] 0.27284 | 0.00213 [216§4862565(}’ %9210466691700]' [2166?.697722191700]’
11 [61,86] 0.31394 | 0.00258 [2169.;9195808? %9212517838800]' [2179..23200766880(;’
12 [53,79] 0.35753 | 0.00306 [218§29444991]’ %92146127148001' [218?41816162480(;'
5| e | [owowe | (oo | o | (o
14 [50.79] 045022 | 0.00407 [3252.55617140]’ 5)9522013553000]' g252.é781;953000],
15 [56,87] 049827 | 0.00460 51237.'39409351]’ {)0.420507260000]' [4235?'71469077000(}'
16| [72102] 0.54673 | 0.00513 [5359..7366:5? [00.532639236600]' %369..278393796600]’
171 [83107] 0.59504 | 0.00566 [6439..6368983? [()92065967280(;' [6449.'28754890280(;'
181 [80,102] 0.64268 | 0.00619 [6551.;}51344? [()92391532800(;' [€>561.i9804976800(;'
191 [87,108] 0.68909 | 0.00670 [7549.49251078]' [09'75283269000(} [765(?'15435337000(;'
20 | [87,107] 0.73375 | 0.00719 [768%5813163?3' [09'76629535330(} [769%.248601683300]'
21| [88104] 0.77615 | 0.00765 £3608..73109162]’ [09'76975362000(} 23655917:240000]'
22 | [86104] 081582 | 0.00809 23740.5146503? [0%6491537640(} %75968856662:0()]'
23 [72,96] 0.85230 ) 0.00849 [8611.é3260586]' E)(?é6115102480(}’ %621.693756884800]'
24 [63,83] 088518 | 0.00885 [753?;}766969? %9%53547555500]' [7546.23024348550()]'
25 [56,75] 091409 | 000917 | [51.1890, [0.513520, [51.702520,




Mohammad Taha Ayed et al., Journal of Al-Qadisiyah for Computer Science and Mathematics Vol.17.(2) 2025,pp.Math 110-120

68.5568] 0.687750] 69.244550]
26 [49,73] 0.93870 | 0.00944 [6485..5929561? [00.28692152600]' [6496.24154828260()]'
2 [54,78] 0.95873 | 0.00966 [7541..7787019? [09'75523146;00]' [7552.52394330;00]'
o | e | oos [wom | G | Gomn | o
29 [72,98] 0.98420 | 0.00994 E)76(?485612$’ [095977145162800]' [9771.452758702800]'
2 o oo | voow | i | hobm | G
| o | v | i | homm | bini
| e o [own | o | bee | e
| e | v oo | i | Don | i
34| [80,100] 0.95873 | 0.00966 [9756.'8679380? %997676208000(;' E)767.§3791020000]’
35 [82,98] 0.93870 | 0.00944 [9716.;9997235’ %99727; 102800]' [9727.5?777428001'
36 [71,86] 0.91409 | 0.00917 [768%691010%’ [00.'768581602700]' [7695450501;27001'
37 [60,76] 0.88518 | 0.00885 [657%217130% [09.657321600000]’ [657%;964461380000]’
39 [5571] 081582 | 0.00809 [1;4;68273021]' %95;44399500]' [548?;}39175509500]’
40 [61,81] 0.77615 | 0.00765 [6427.'83648522]' %921696665500]' [6437.488171885500]'
4 79100 0.73375 | 0.00719 [7547..1906868?3’ E)O.'752668109100]' [7545?.853344939100]’
42 4114 0.68909 | 0.00670 [768%57576435]’ 5)9%66239880000]' [76913.?200413000()]'
431 [90,106] 0.64268 | 0.00619 [6587..18244112]’ 5)9655567114000]' [6585?.738908234000]’
4 [85103] 0.59504 | 0.00566 [6510..2587981? [00.;}8821918000]' [6511.é075290580001'
45| [82101] 0.54673 | 0.00513 [5;452813917()]' [09;}128016360(;' [345?'723572853600]'
46 [77,97] 0.49827 | 0.00460 51388.'33362628]' [094345:22000(} 5}38?.777281400000]‘
47 [67,82] 045022 | 0.00407 [3360..91168407]’ [09'32373276490(;’ g37(?é4531773490()]'
48 [56.72] 040313 | 0.00356 [2292.65275543]' [09'21596933260(;' [2292..278714762600]'
49 [43,64] 0.35753 | 0.00306 [2125.53871398]’ [()9i1935185480(;’ [2135657075734800]'
>0 [50.72] 0.31394 | 0.00258 [2125..66093770]’ [()9i1i325970600(;’ [21257.788296406000]'
>1 [>881] 0.27284 | 0.00213 [212?'18020407]' E)(?i1722355340(;' [2125'29742852;00]'
iz [69,94] 0.23471 1 0.00171 [2126.61692570]' E)(?.l16107794900]' [2126.23213249490()]'
53 | [78,103] 0.19998 | 0.00133 | [15.5984, [0.103740, [15.702140,
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20.5979] 0.136990] 20.734890]
[13.5232, [0.079200, [13.602400,
>4 [80,101] 0.16904 1 0.00099 17.0730] 0.099990] 17.172990]
[11.3800, [0.055200, [11.435200,
5> [80,95] 0.14225 | 0.00069 13.5138] 0.065550] 13.579350]
[9.5920, [0.036000, [9.628000,
- [80,94] 0.11990 | 0.00045 11.2706] 0.042300] 11.312900]
[7.8733, [0.019250, [7.892550,
5 [77,94] 0.10225 | 0.00025 9.6115] 0.023500] 9.635000]
[6.1748, [0.007590, [6.182390,
- [69,91] 0.08949 | 0.00011 8.1436] 0.010010] 8.153610]
[4.4161, [0.001620, [4.417720,
>9 [>4.78] 0.08178 | 0.00003 6.3788] 0.002340] 6.381140]
60 [45,69] 0.07920 | 0.00000 Efgfg]' 0.000000 [3.5640, 5.4648]
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Index
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- Hamming Upper Interval Neutrosophic - Hybrid Upper Interval Neutrosophic =€~ Upper Interval Neutrosophic
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Original

Hybrid Lower
Hybrid Upper

Figure 5
Table 3. test data3
I.D eB
H I.D Rank.ID eB Rank .eB
All 1.15375 3 24 1.0
All 11.48655 2 26 2.5
All 11.95031 1 26 2.2

Sum Rank
25.15375 1
37.48655 2
37.95031 3
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Neutrosophic Data vs Hybrid-Weighted with eB Test Points

Mean Hybrid
-V
—g-¥

Index

eB Position A ppoe V' Below Data Type Hybrid Lower Interval Neutrosophic Hybrid Upper Interval Neutrosophic =*= Lower Interval Neutrosophic =*= Upper Interval Neutrosophic

Comparison eB_Value Points_Above Points_Below Points_Equal

1 Original (x vs X2) 24 25 1 0

2 Hybrid Lower Interval 26 0 26 0

3 Hybrid Upper Interval 26 0 26 0
Figure 6

4. Study Objective

This research aims to develop a new technique for analyzing neutrosophic exploratory data using a hybrid method
that combines Hanning and Hamming windows. This is achieved by assigning new weights based on the BFGS
algorithm to improve result accuracy and reduce data uncertainty. The research also aims to apply this method to
different types of real-world data to evaluate its effectiveness compared to traditional methods.

5. Study Gap

Despite the importance of Hanning and Hamming windows in data analysis and distortion reduction, most previous
research has focused on using these windows separately. A gap in the literature emerges regarding how to optimally
combine these windows to improve analysis accuracy, especially in the context of neutrosophic data characterized
by uncertainty and ambiguity. This research addresses this gap by presenting a hybrid method that relies on
variable weights calculated using the BFGS algorithm.

6. Study Problem

The main problem in neutrosophic data analysis lies in dealing with uncertainty and distortions that may affect the
accuracy of the results. Current methods like Hanning and Hamming partially address these issues, but they do not
provide a comprehensive solution when used separately. Therefore, there is a need for a new method that combines
the advantages of these two windows together to improve the accuracy of the analysis and reduce errors.

7. Interpretation of Results

1. Initial data: The hybrid method showed a significant improvement in result accuracy compared to individual
methods, with a substantial reduction in error. For example, in the first row, the results of the hybrid method were
1.19308 and 1.25268, reflecting higher accuracy compared to the results of the Hanning and Hamming methods
separately. Table 1 shows that the hybrid method achieved the highest rank in the sum of indicators, indicating its
superiority in data analysis. It was also observed that the Hamming window had the highest weights in most cases
(for instance, the weight of the Hamming window was approximately 0.99730 compared to the weight of the
Hanning window, which was 0.00030909). This indicates that the Hamming window was more influential in
improving the accuracy of the results for this data, especially in reducing the variance in mortality rates.

2. The second data: The hybrid method demonstrated a high ability to handle data with a wide range, achieving
more stable and accurate results. For example, in row 13, the results were 14.45719 and 15.86205, reflecting an
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improvement in reducing variance. Table 2 shows that the hybrid method achieved a high rank in the Stability Index
(S.1.), confirming its effectiveness. Here too, the Hamming window with high weights showed that Hamming was
more effective in processing data with a wide range and large variables.

3. The third data: The hybrid method was applied to temperature data, and the results showed consistent outcomes
with a significant reduction in distortions. For example, in row 30, the results were 84.0956 and 104.8722, reflecting
the method's ability to handle large data sets. Table 3 illustrates the superiority of the hybrid method in achieving
better performance compared to other methods. Unlike the previous two groups, the weights were more balanced
between the two windows, but the Hanning window remained dominant in most cases. However, at certain points
(such as data with seasonal changes), the contribution of Hanning was slightly noticeable, reflecting the adaptability
of the hybrid method to the nature of the data.

8. Conclusion

The proposed hybrid method succeeded in improving the accuracy of neutrosophic data analysis by combining the
advantages of Hanning and Hamming windows using optimal weights. Additionally, the algorithm used (BFGS)
proved effective in calculating the optimal weights, contributing to error reduction and increased result accuracy. In
practical application on three different datasets, the hybrid method demonstrated superiority in handling diverse
types of data, making it a powerful tool in exploratory data analysis. The study makes a significant contribution to
the field of neutrosophic data analysis, providing a practical solution to the challenges related to uncertainty and
data distortions. In all data sets, the Hamming window weights were significantly higher compared to the Hanning
window, indicating that they were the most effective in improving the results. This is due to the ability of the
Hamming window to reduce side lobes in signal analysis, making it suitable for high-variability data such as medical
and climatic data. Although the Hanning weights were very small (close to zero in most cases), their presence in the
hybrid method contributed to improving accuracy at some critical points, especially in the presence of sudden
changes in the data (such as temperatures). This shows that combining the two windows (even with one
dominating) may improve overall performance compared to using each window separately. Depending on the
nature of the data, the BFGS algorithm can automatically adjust the weights to prioritize the most suitable window.
The study recommends the possibility of testing the hybrid method by assigning custom weights based on the type
of data (such as increasing the Hann window weight for seasonal data). Additionally, it suggests comparing the
method with other windows like Blackman or Kaiser to further improve the results.
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