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Performance Comparison of Mahalanobis-Taguchi System and
Logistic Regression : A Case Study
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The Mahalanobis-Taguchi System (MTS) is a diagnostic and predictive method for multivariate data. In the MTS,
the Mahalanobis space (MS) of reference group is obtained using the standardized variables of normal data. The
Mahalanobis space can be used for multi-class classification. Once this MS is established, the useful set of variables
is identified to assist in the model analysis or diagnosis using orthogonal arrays and signal-to-noise ratios. And other
several techniques have already been used for classification, such as linear discriminant analysis and logistic
regression, decision trees, neural networks, etc. The goal of this case study is to compare the ability of the
Mahalanobis-Taguchi System and logistic regression using a data set.
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Table 1. Performance comparison studies
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Authors Comparison methods Results
Jugulum and Monplaisir(2002) MTS vs. NN * MTS has better performance in small sample size
Wang et al.(2004) MTS vs. LDA * MTS has better performance
Cudney et al.(2007) MTS vs. NN * MTS has better performance in small sample size
Cudney et al.(2009) MTS vs. PCA * MTS has better performance for type II error
Vardhan et al.(2012) MTS vs. ROC * ROC Curve has better performance

157091 o] 32791 o 5 Hlo]E] Al AHgate] ERASE o
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ATE Sg5t4T) o] AFoME T:Hﬂ-_‘?_ A Z(large sample)
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Table 2. Healthy group data
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Table 3. Unhealthy group data

No. X X - X
1 Y1 Ya1 Y1
2 Y12 Y2 Yr2
3 Yi3 Y3 Y3
4 Yia Yoy o Yra
5 Yis Y25 Yis
m Yim Yom o Yiem
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gtk o]a} ZA XY I AN AHEEE BE-E 23 2 (logit
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Ao vtz gty & A4 o] &5k A HlolH =
Johns Hopkins University Ionosphere data®]t}. o] Hjo]8] Al2] &
A= UC Irvine Machine Learning Repository(http://archive.ics.
uci.edu/ml/ datasets.html) o] ™, ©]328] FE-E vlolE] Al Fol
A H R SARFEEHE) Y F7 B S At
o] "loJ&] Al %@( )AL 32709 ALY WHEgw
FTEHEOS) U o HEFE good(22571)
H TE

T bad(1267H 4 =
log| ——=|= by+ bjz;+ byxy+ -+ +bx 6
g( 17r) o Yty T Uxla KLk (6) B o7 1 17] "lo]e] S A oF 20%(good 487H
bad 327 & 807H),-__- —I‘E & ™ °]E(training data)Z AH3}A|
FHE IJARYPOZEE A (7)o 9ste] FoAZ S-S AA A TH<Table 4>, <Table 5>). 28] aL U A] 2k 80%(good
A FEHF7HIY T8 75 TS, FEo| F2 Wl 17770, bad 9470 F2717H) S 7%5-& ] o] Bl testing data) = SHTE.
Table 4. Healthy group data
No. X1 X2 X3 X4 X5 X30 X31 X32 Y
1 0.99539 | -0.05889 | 0.85243 | 0.02306 | 0.83398 -0.54487 | 0.18641 | -0.45300 g
2 0.97588 | -0.10602 | 0.94601 | -0.20800 | 0.92806 -0.81318 | -0.13832 | -0.80975 g
3 1.00000 | 0.07380 | 1.00000 | 0.03420 | 1.00000 0.32492 | 1.00000 | 0.46712 g
4 1.00000 | -0.08714 | 1.00000 | -0.17263 | 0.86635 -0.92128 | -0.13341 | -1.00000 g
5 1.00000 | -0.15899 | 0.72314 | 0.27686 | 0.83443 0.53372 | 1.00000 | -0.57758 g
45 1.00000 | 1.00000 | 0.36700 | 0.06158 | 0.12993 0.00246 | 0.17758 | 0.79790 g
46 0.32789 | 0.11042 | 0.15970 | 0.29308 | 0.14020 0.20540 | 0.13376 | 0.26422 g
47 0.19466 | 0.05725 | 0.04198 | 0.25191 | -0.10557 0.16794 | -0.30153 | -0.33588 g
48 0.66667 | -0.01366 | 0.97404 | 0.06831 | 0.49590 0.24590 | 0.13934 | 0.48087 g
Table 5. Unhealthy group data
No. X1 X2 X3 X4 X5 X30 X31 X32 Y
1 0.00000 | 0.00000 | 0.00000 | 0.00000 | 1.00000 1.00000 | 0.00000 | 0.00000 b
2 1.00000 | -0.86701 | 1.00000 | 0.22280 | 0.85492 0.88428 | 1.00000 | -0.18826 b
3 0.00000 | 0.00000 | -1.00000 | -1.00000 | 1.00000 -1.00000 | 1.00000 | -1.00000 b
4 1.00000 | 1.00000 | 0.00000 | 0.00000 | 0.00000 1.00000 | -1.00000 | 1.00000 b
5 -1.00000 | 1.00000 | 0.00000 | 0.00000 | 0.00000 1.00000 | 0.00000 | 0.00000 b
30 0.68729 | 1.00000 | 0.91973 | -0.76087 | 0.81773 -0.06522 | 0.56522 | 0.23913 b
31 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 | 0.00000 | 0.00000 b
32 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 | 0.00000 | 0.00000 b
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o2 HIA S MD#2 7-317] 9)5to] <Table 5>9]
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o oz 74

oA Zeke] go]E1 2 AR we] HFghe wja TEAR}
Z o] REFAT)L, MRS A9 videhen| A A
( ) 41()7‘3_— ]4%}0431 A7} <Table 9>} 2T} ALt
%J?_HMWL o] A4 At MD ghiet B4 A

o £28} vlolelol] v @ ABHARL & AN} <Table 7> »}E} 2, A Ms B fasitin B,
Table 6. Standardization of healthy group data
No. Z1 72 73 74 75 730 Z31 732
1 0.74141 -0.28662 0.24926 -0.55373 0.52096 -1.06824 -0.42046 -0.94972
2 0.66305 -0.40417 0.60432 -1.15006 0.79631 -1.60922 -1.07432 -1.69552
3 0.75992 0.04433 0.80917 -0.52498 1.00687 0.68549 1.21773 0.97383
4 0.75992 -0.35708 0.80917 -1.05877 0.61570 -1.82718 -1.06443 -2.09324
5 0.75992 -0.53629 -0.24130 0.10129 0.52227 1.10649 1.21773 -1.21016
45 0.75992 2.35444 -1.59257 -0.45431 -1.53968 0.03533 -0.43824 1.66534
46 -1.93950 0.13567 -2.37911 0.14315 -1.50962 0.44451 -0.52647 0.54966
47 -2.47459 0.00305 -2.82577 0.03690 -2.22895 0.36898 -1.40294 -0.70487
48 -0.57884 -0.17381 0.71067 -0.43695 -0.46855 0.52617 -0.51524 1.00258
Table 7. Correlation matrix for healthy group data
Z1 72 Z3 Z4 Z5 730 Z31 732
Z1 1 0.04124 0.68778 -0.00384 0.59987 -0.09944 0.38254 -0.00184
72 0.04124 1 -0.08943 0.33298 -0.21719 0.01581 -0.16276 0.25253
73 0.68778 -0.08943 1 -0.01604 0.74076 -0.08672 0.28679 -0.11306
Z4 -0.00384 0.33298 -0.01604 1 -0.19485 0.24807 -0.05416 0.25780
VA 0.59987 -0.21719 0.74076 -0.19485 1 -0.10974 0.45373 -0.14973
730 -0.09944 0.01581 -0.08672 0.24807 -0.10974 1 0.01446 0.83352
Z31 0.38254 -0.16276 0.28679 -0.05416 0.45373 0.01446 1 -0.14637
732 -0.00184 0.25253 -0.11306 0.25780 -0.14973 0.83352 -0.14637 1
Table 8. MD values for healthy group data
0.55284 0.97011 0.35933 1.20755 1.31230 0.12435 1.17666 1.12109 1.27727 1.13340
1.10929 1.18669 1.32805 1.21893 0.75031 0.75230 0.78076 1.09667 1.24799 0.98338
0.95254 1.11828 0.98705 1.13244 1.34822 0.58055 1.33424 1.37487 1.02094 0.52136
0.93382 0.97566 1.22081 1.15027 1.15668 0.90579 0.54501 0.47266 0.76253 0.73279
0.96708 0.98129 0.75818 1.23499 1.18483 1.10546 0.94758 0.90479
Table 9. MD values for unhealthy group data
35.280 6.822 166.854 120.288 119.151 10.435 11.005 106.484 118.581 9.887
2.665 13.394 40.279 16.145 10.654 22.527 47.840 30.447 4.077 76.161
63.294 128.812 123.512 126.497 16.756 55.159 26.388 17.377 25518 2.856
44.250 28.164
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& WA ALE £,,(2") € ol§HNZ ST L, (7)) 2 Y SWEFE M B A4S oArld AuE
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O MD S Al thaoll AIA H(EE ¥ AR B A9 SNH] 345 o]&-8to] SNHI gk A%t %E} *Fﬁl tlo] &
& A MD# R HlaLske] Apol7} gle M-S AHAlet 712 o tiske] SNHIGES AR 237} <Table 10>3 2k
Stttk 2t s VR AA S ol RIS JTe MDA
VEste] BE WSS ST 99 WA ARG MDY _1010g{ il}: _1010g{1 oL } @®
A -34S 3 A, X5l thE P-gho] 0.998 2 g eFo] =1 D k j=1 MD;
Table 10. Z,,(2*') array and SN ratios
No | X1|X2|X3|X4|X6|X7|X8|X9 XI10X11[X12[X13|X14[X15X16/X17[X18|X19[X20|X21|X22|X23({X24(X25|X26|X27|X28X29[X30{X31{X32| SN ratios
O (IO O O B v |
200011ty prprjrjrypryprfrfrjr{2)2(2(2(2{2(2(2(2(2(2(2(222|2| 17301
3y e 2020222121 2(2(1j1rj1rjrjrfrfrj1ry2)22(2(212(2|2]| 6.664
401 1|1ttt prprp2y2(21212(2(2(2(2|2(2(2(2 (2 (22|t (t1f{1rj1}j1j1|1|l1 7.641
Sytyrp 222121t 21212(2(1j1rjrjrj2(2(2{2(1|1|1ry1{272(2|2]| 8263
611|122 (2211112222 (22|22 01|11 }2]2|2(2|1]1]1]1 6.914
T 2202020202221ttt f{r{1jrjrjrj2(2(2(2(2|2|2(2(1j1]1]1 5.781
g1 122 (212222211t {22220 }{1 (1|11 |1}2]2]2|2]| 4328
ot (2 (2 (1|1 (212(tpvp2(2(t|tr|2(2(1fj1rj2|2|tf(rf{2(2(1|tr|2(2(1p1}1212]| 7.077
0ty 2(2(1 (12121t f(t {221t |2(2(2(2|1|tj2(2(1j1(2j2|1(12}2}1]1 5.14
1yt 2(2(1 (121212 (2(1(1r{2)2t(vf1j1rj212jtf(tf(2(2(2|2|1(12}2j1]1 5.627
2012121121212 (2(1 (1212101t (22|11 |2(2(1 (111|221 ]1}2]2]| 5974
Byt 2(2 (22|11t {2(2(2|2|t(vf1j1j21212(2(1j1j1j1j2(2(2}2}1]1 7.268
Myt 20202211ttt f{2(2(2|2|t(tf{2(2|1r|trjtrftrf{2{2(2{2|1(ry1}p14}2]2]| 5828
ISyt 2 (2 (22|t t2(2(1j1rjtrjtrj2(2(1tj1j2|2j2(2(1(1(2|2|1(t1ry1}j14}2]2]| 5315
6|1 (212 (22 (112210t {2 (2|22 (0110221 (1|2(2|2|2]|1]1 6.451
172 (0 2102 (1020212021 (210202102021 (21210 2]1}]2]| 7407
W2t (2(1 (21121t (2(1t{2(t|2)t (221212t f(2j1(2|1j2(1(2j1}2]1 8.236
920 (2(1 (211212t (212t |2(tf(tj2j1j2)ptf(2(1t(2(2j1j2(1(2j112]1 6.757
200202 (1211212t (212|122t j2jtj2yt(2(1j1{2jtr(2(1y2j1{2]| 7351
20020221210t (2(1 (22|12t (1j2|1tj2)2(tf(2j1p1j2j1(2(21112]1 7.726
221202 (21210t (2(1(2(2|10|2(tf(2(1 2|1t {2(tv}{2(2|1|2(t1(1}(2p11(2]| 5707
231202 (21202 (021 (1|2t (2121|2202 (121|211 }{2}1]2]| 7.637
2412020212 02021 (1|20 (2(2 (12|10 (2021 |2|1(2|2|1]2]1 7.999
2512 1202200221122ttt j2)2|t1|t(2(2j1j1|2(2(1(1}(212]1 7.732
260212 (10 (1212100221 (122021122002 (2|11 (22112 7.691
2712122120201 2210t f2(1 (221t {2(2(1(2{1|1(2(2(1(1]2] 7416
280212 (1012210211 (22|10t (2(2 (11|22 (1(1 (212|211 }2]2]1 7.172
291212021t 20221 (2|t t (2122|1200 (2122|1021 1]2] 7.936
300221 2(1t (12t |2|2(t(2(1 (12|20 (1 (212|210 (2|1 (1|21 |2|2]1 9.594
3t 22|t 2(t (1 j2(2|t|tf{2(1 (22|t |tf{2(2(1(2|tjt(2(2(1(1j2|122]1 7.918
320220 2(t (122t |t {2122t |2t (12122t (v}{2(2|1|2(11}2}] 7061
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Table 11. Average responses for SN ratios
X1 X2 X3 X4 X6 X7 X8 X9 X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17
Level 1]6.709 | 7.343 | 7.574 | 7.310 | 7.424 | 7.531 | 7.333 | 7.600 | 7.430 | 7.266 | 7.520 | 7.178 | 7.052 | 7.330 | 6.989 | 7.394
Level 2| 7.584 | 6.950 | 6.719 | 6.983 | 6.870 | 6.762 | 6.960 | 6.693 | 6.863 | 7.027 | 6.773 | 7.115 | 7.241 | 6.963 | 7.304 | 6.899
Gain [-0.8750.393 | 0.855 | 0.327 | 0.554 | 0.770 | 0.372 | 0.906 | 0.567 | 0.240 | 0.746 | 0.063 |{-0.190 | 0.366 |-0.315| 0.494
X18 | X19 | X20 | X21 | X22 | X23 | X24 | X25 | X26 | X27 | X28 | X29 | X30 | X31 | X32
Level 1| 7.411 | 7.308 | 7.261 | 7.146 | 7.271 | 6.998 | 7.258 | 7.447 | 7.483 | 7.314 | 7.010 | 7.301 | 7.320 | 7.175 | 7.483
Level 2| 6.882 | 6.986 | 7.032 | 7.147 | 7.023 | 7.295 | 7.035 | 6.846 | 6.810 | 6.979 | 7.283 | 6.992 | 6.973 | 7.118 | 6.810
Gain | 0.529 | 0.322 | 0.228 |-0.001 | 0.248 |-0.298 | 0.223 | 0.602 | 0.673 | 0.335 |-0.274 | 0.310 | 0.348 | 0.057 | 0.673
Table 12. MD values for healthy group data using useful variables
0.39352 1.03290 0.36169 1.37403 1.56707 0.15102 0.77930 1.13045 1.26167 1.15847
1.13073 1.22036 1.33248 1.31832 0.82421 0.65658 0.91220 1.24394 1.36322 1.11302
0.49403 1.08543 1.04365 1.26667 1.65185 0.33186 1.72162 1.54934 0.50928 0.47697
1.00957 1.04022 1.10960 0.88811 1.38789 0.87608 0.51017 0.45384 0.78032 0.71971
0.95856 0.75557 0.52671 1.46348 1.24544 0.89203 1.03388 0.89295
Table 13. MD values for unhealthy group data using useful variables
36.395 7.726 131.156 98.666 89.749 10.717 6.576 59.366 106.660 5.620
2.859 14.382 43.466 13.222 6.858 22.320 27.507 32.778 2.665 71.877
30.764 73.630 60.236 72.575 17.437 43.027 25771 17.769 28.007 3.178
30.758 25512
SNHJo| 3t 5 HA kS A3l SAHF AL J/} Al 15 LR (type I error)= 17770 oA 172 Ve &
0] E{(gain) S AlAFH A1} 7} <Table 11>9] T4 3t} £0] 0.57%Z gotE o, Xﬂ 2% 2 F(type I error)= 94
<Table 11>Z 58] S| AR o] S(gain)©] &50] 7t 7H FAAM 11742 et 27-80] 11.7% 2 sHet= ik whet
A9 ztel7} ' W= X1, X13, X14, X16, X21, X23, X28, A AA| 287 A5 —;74271711 oA 12702 AA L FE&
X312 FotsQlaL, whebA] 83 W42 X2, X3, X4, X6, X7, 443%°]H, A BRATEE 9557% 2 5Hots Ak

X8, X9, X10, X11, X12, X15, X17, X18, X19, X20, X22, X24,
X25,X26,X27,X29,X30, X327+ A A H Aek A G @ 5833
kS o]gato] AlLte BT MDE A WA ST
MDZto] 2+t <Table 12>9} <Table 13>0]l F014 Itk

&oi ;Q/\}yjr u JAL_CL :[1_1?‘—5]_1:. MD%/{—Q] O]ﬁ]ﬂ(thre-
shold value)S ZAs}7| 2 St} E Al Ao MEBHLFE
125kl MD %] AIghS A7 sk W S ARS8t 7| = gtk
o] Wi AAIGS HIA 7HHA %‘Er;ﬁﬂce HES}L,
M ERAYETL 202 1) g2 AR Hoke A
o]tk 2 Ak Aol MDGto] 28 715 0.2 Wkl 34
e TR gk 22 Ao sk

43 W42 A H X2, X3, X4, X6, X7, X8, X9, XI10,
X11, X12, X15, X17, X18, X19, X20, X22, X24, X25, X26, X27,
X29, X30, X322.2 4 ¥ Mahalanobis-Taguchi System(MTS)
o] A5S 754 dlo]E(testing data)ol] ©]-&3}] EFAHI =
£ ASVIR gt o] A5 volHE A 1E HlOlEi 177
7H, B3 ‘1* HlolH 947} % 2717Hi T A 7
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Figure 1. MD graph for testing data

Z X1-X329] ZE HEE AR MTS oA 9] 748
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of, &3t Wi Ent TAE MTS 9 As Rt 25 WA Yel
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Table 14. Binary logistic regression analysis for training data

Methods Critera Selected variables

Forward LR and Wald(enter = 0.05, leave =0.1) X1 X3 X16 X20

selection LR and Wald(enter = 0.1, leave =0.1) X1 X3 X6 X14 X16 X20 X21 X32

Backward LR(enter = 0.05, leave = 0.1) X2 X3 X5 X6 X7 X9 X10 XI1 X12 X13 X14 X15 X16 X17
S X18 X19 X21 X22 X24 X25 X26 X27 X28 X29 X32
elimination

Wald(enter = 0.05, leave =0.1)

X1 X3 X6 X14 X22 X24 X28 X29 X32

Table 15. Classification accuracy of binary logistic regression models for testing data

Models Accuracy
T 83.8%
log ~|= —2.30442.994z, +2.575x, +1.728z,, — 3.250,,
1—7 : (227/271)
log( ; T _|= —3.906+4.161z, +3.808z, +5.026z, —3.105z, , +4.207z, 84.5%
-
— 2949z, + 25471, —5.6487,, (229/271)
log( : T |= —6.123—35.082z, +84.71 12, — 75.358x; + 60.066z; + 61.674x,
o 78.6%
—170.897zy +32.077z,, — 82.804z, | +26.923z,, +104.300z,, — 33.305z,, — 20.032z, ’
+48.046, — 27284z, — 47.898z,  +52.415z, +10.319z,, — 54.787,, +22.088,, (213/271)
— 41.2421,, — 27.947x,; +39.7602,; +107.5832 +28.350, — 98.013x,
log( T |= —8.284+5.858z, +7.631x, +11.351z, —9.428z,, — 5.319z,, 80.8%
b _ 219271
+6.558, , +6.9852,, +5.6622,, — 10310z, ( )
log( il = ) = —14.234+9.758x, — 33.764x, +54.236x, — 16.717x, — 55.4367 82.3%
o 223271
-+ 1030485 +39. 1780 + 37.106, +5.182,, — 94.970z, ( )
Table 16. Classification accuracy of MTS and binary logistic regression models
Models Type I error Type 11 error Accuracy
MTS usi ful iabl 0.57% 11.70% 95.57%
using userul variables
§ (1/177) (11/94) (259/271)
2.82% 10.64% 94.47%
MTS using all variables ’ ’ ’
(5/177) (10/94) (256/271)
Logistic R ion(best model) 3.34% 38.30% 84.50%
0gIstic kegression(best modae
& & (6/177) (36/94) (229/271)
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