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Abstract—The statistical processing of the results for a three-time measurement of active power by a
magnetoresistive converter is given. In the statistical processing of the threefold result of measuring the
active power by a magnetoresistive converter, two problems were solved. First, some approximate value
of the measured value (estimation) is determined, which best corresponds to the obtained results.
Secondly, the probable deviation of the measurement results from the estimation of the measured value is

determined.

Index Terms—Magnetoresistive converter, active power; statistical processing; magnetoresistive

susceptibility; thin films.
I. INTRODUCTION

One of the most important energy characteristics,
which is measured in electronics is power. The most
promising means of measuring the active power
mode "in situ" is a magnetoresistive measuring
transformer on the basis of the anomalous Hall
effect and anisotropic magnetoresistance in thin
ferromagnetic  films [1]. Such  measuring
transformer, as compared with semiconductors, are 2
orders of magnitude higher sensitivity, a small
measurement error of 3 orders of magnitude smaller
values thermoelectromotive forces and the absence
of rectifying contacts, which are the basis for
selecting of the magnetoresistive measuring
transformer for further investigation [2] — [5].

II. PROBLEM STATEMENT

A three-fold measurement of the active power
was carried out by a magnetoresistive converter, the
results are given in Table I.

We perform the verification of the adequacy of
the electric model of the measuring transducer using
the criteria of Student and Fisher [3].

The hypothesis about the adequacy of the
mathematical model is not rejected if the residual

variance S.. of the output value )A(O calculated on

m >
the model, in relation to the experimental X, op does
not exceed the statistically error of the experiment,
which is determined by the dispersion of the
reproducibility S .

The residual variance is defined as:

res
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where f;=(N,,—1) is the number of degrees of
freedom; N -number of groups of parallel
experiments (N,, —19); m is the number of parallel
experiments in one group (m =3); [ is the number of

links (l=n"+1); n" is the number of factors

(number of external influences) (n*=4, l=5);

— 1z
Xy, =—2X,, -average value of the output

m k=1
parameter on the results of parallel experiments
m=13). (2=119).

To determine the variability of reproducibility
Sg, it is necessary to have several values of the
output parameter measured under the same
conditions. Experimental values X,, are obtained

in three parallel studies, and the value of the output

— 1 »
value, calculated from the model X, =;§‘]X 0p,

A

X

Om >

are presented in Table II.
S2 _ 1 iSZ
0 N — no
where S’ (n :I,T9) is the sample dispersions.

1 5
Sy =—o0 (X - X,
m—lZ‘l 0p, 0p
Determine the point estimates of the received
distributions of experimental data (arithmetic mean,
median, arithmetic mean of the boundaries of the
variation series), scattering (dispersion and mean

square deviation of the measurement results),
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asymmetry and sharpness. The results of calculating
the characteristics of the position of point estimates
are classified in Table III.

From Table III it is seen that the largest variance
of the result of the experiment (mean square
deviation) is the 3rd measurement group. From the
estimation of the asymmetry, we can conclude that
the distribution density curve of the 1st group with
negative asymmetry lies to the left of the symmetric
probability distribution, whose asymmetry is equal
to zero, and the 2nd and 3rd groups with positive
asymmetry — to the right. Excesses in probability
distribution laws will be close to zero if their
probability density curve will have a ringing form.
Curves with a more acute peak have a positive
excess (2nd measurement group), and with a more
stable one there is a negative excess (1st and 3rd
measurement groups).

Since the excess £ is in the range —1 < £ < 1, that
is, the distribution is close to normal (£ = 0), then
for the estimation of the distribution we take the
arithmetic mean.

Define the boundaries of the random error of the
measurement results given in Table I for the

probability of probability P; = 0.9973 and the level
of significance of the coherence criteria a = 0.05.

To determine the limits of random error based on
the results of triple observations, perform the
following operations:

1) We will exclude from the results of
observation gross errors.

2) Calculate the arithmetic mean of the
corrected observational results or estimate the
mathematical expectation that is taken for the
measurement result.

3) Calculate the mean square deviation of the
measurement result and its estimation.

4) Let's check the hypothesis that the results of
observations belong to the chosen distribution law.

5) Calculate the confidence limits of the
random error of the measurement results.

By the type of histograms and cumulative curves,
Fig. 1, as well as obtained point results of
asymmetry and excesses, Table. III, we accept the
hypothesis that the measurement results are
distributed according to normal law.
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Fig. 1. Histograms: (a) is 1 measurement group; (b) is 2 measurement group; (c) is 3 measurement group

III. DETERMINATION OF GROSS ERRORS AND
MISSES ACCORDING TO WRIGHT'S CRITERION

The measurement result &; (kyax Or kmin) does not
belong to the normal distribution with the given
probability P, if

k.—M
‘ i K‘>t

Gk

fr (1)

where ¢, is the confidence coefficient, Table 2.1 [7].
That 1s, if k; goes beyond the interval
(Mg —t,6x; My+t,6¢) and substituting (1)

instead My and ok to their estimation k and &,

taking into account that for a normal distribution law
t,= 3.0 (for the probability P = 0.9973), intervals at
the border are defined (Table IV).

Outside the intervals, there is no measurement
result as seen in Table IV. That is, there are no
blunders and gross errors.

IV. DETERMINATION OF GROSS ERRORS AND
MISSES ACCORDING TO SMIRNOV'S CRITERION

By the Smirnov criterion, the measurement result

k; does not belong to a given distribution with a given
probability P, if

| ki — ]; ‘

Gk

>,

where B is a random variable that depends on P and
the number of observations n.

For the number of observations #» = 19 and the
level of significance a = 0.05, P = 1- o = 0.95, the
value of B according to Table B.1 [7] is 2.75.

From Table IV shows that all the results of the
measurement k; belong to the normal distribution.

V. PEARSON'S TEST

For previously obtained values of middle of
intervals histogram k. (j =1, ..., L), value proba-
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bility density theoretical distribution are obtained
using the formula [7]

(kg =k )?
26%

1
p(kmidj) =me
K

Frequency hits measurement results myy are
obtained, which are subject to a theoretical
distribution:

mjd = p(kmidj)n Ak *
For each interval j value are calculated

2o =)

mjd

The total value of the coefficient for each
measurement group is determined:

=0

J=1

We obtain that y’ = 4.7397,

%2 = 1.0029.

In Table B.3 [7] for the probability P = 0.95 and
the number of degrees of freedom £k =5 — 3 = 2 the

value are obtained y;=5.99.

1.4826, %2 =

Since %7 <%e, A2<Xe» X2<xe, we assume that

the hypothesis about the normal distribution of
experimental data is reliable.

VI. CHECK BY KOLMOGOROV'S CRITERION

In the Table V contains the previously obtained
values of the cumulative curve at the boundaries of
the interval &;.

For previously obtained estimates of mathematical
expectation G, and mean square deviation integral
formula for normal distribution function value Fjq
(Table 2.4 [7]) at the points k; are defined

1 . (z=Mg)
F. = Te Pk (z
Jjd \/%‘KJ‘OO
ki —-M, ) . .
0.5-0| L—— |, if kj<MK,
GK

k=M .
0.5+®| =——5 1 if k; > My,
K

k.
where d{ /
o}

—— |=®(¢,) is the value of the
K

Laplace function.

Maximum values of D; calculated from the number
Of Dijmaxi = 0.0435, Djmaxz = 0.0850, Djmaxs = 0.1121 are
defined. The values are obtained as

A=Dn,

A= 0.1895, A= 0.3705, As= 0.4884.

According to Table B.2 [7] respectively calculated
probablhty value A PO]II.OOO, P02:0.998, P()3:0.997
are obtained. Since Py >P=0.95, Py>P=0.95,
Py;>P=0.95. Thus, the hypothesis of the normal
distribution law is considered correct.

VIIL
Calculated value of the coefficient (Table V).

COMPONENT CRITERION CHECK

According to Table B.4 [7], for a given probability
P=0.95, the value of the coefficient d should be in the
range of 0.7304 to 0.8768, i.e. all measurement results
(Table V) satisfy the first part of the component
criteria.

To check the "tails" of the empirical distribution in
the second part of the criterion, the confidence
intervals are defined by the formula £=1,G,.

For a normal distribution ¢, = 3.0 (Table 2.2 [7]),
and the boundaries of the confidence interval will be
equal to:

k=M, —¢, k, =M, +e.

No measurement result exceeds the specified
limits, so the second part of the criterion is satisfied.
Thus, the results of measurements belong to the
normal distribution law.

VIII. DETERMINATION OF BOUNDARIES
OF RANDOM ERROR OF MEASUREMENT RESULTS

The boundaries of the random error of the
measurement results will be determined as:

b A
& =%1,04.

From [8] for the probability P4= 0.9973 and
normal distribution z,= 3.0 are obtained.

Boundaries of random error of measurement
results (arithmetic mean), Table VI:

g, =16, =1,6, /n.

Consequently, the magnetoresistive transformer
has a measurement error £1.163% in the frequency
range from 200 Hz to 200 kHz in scattering of the
measurement result 0.37%.
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TABLE 1. RESULTS OF MEASUREMENT OF ACTIVE POWER BY A MAGNETORESISTIVE TRANSFORMER ON THIN FILMS
No f,Hz ki, 0VIW | kyy puV/IW | k3, puV/IW | No f,Hz ki, nVIW | kyy pVIW | k3, nV/IW
1 200 5.8735 5.8328 5.8379 4 10000 5.8685 5.8185 5.8077
2 500 5.8675 5.8318 5.8283 5 50000 5.8612 5.8163 5.8142
3 3000 5.8636 5.8299 5.8141 6 200000 5.8741 5.8489 5.8590
TABLE II. OUTPUT AND RESULTS OF CALCULATING THE ADEQUACY OF MATHEMATICAL MODEL OF TRANSFORMER

R Experimental data, X, v
No | f,Hz | X,,,nV P * Sop o B Xops 0V | (g, -x,,]»0V-10" | $2.10*
1 2 3

1 200 5.9459 5.8735 5.8328 5.8379 5.8481 0.9571 49164

2 500 5.9459 5.8675 5.8318 5.8283 5.8425 1.0685 4.7056

3 3000 5.9459 5.8636 5.8299 5.8141 5.8359 1.2107 6.3926

4 10000 5.9459 5.8685 5.8185 5.8077 5.8316 1.3072 10.5221

5 50000 5.9457 5.8612 5.8163 5.8142 5.8306 1.3256 7.0490

6 200000 5.9420 5.8741 5.8489 5.8590 5.8607 0.6615 1.6084

TABLEIII.  POINT ESTIMATES OF THE RECEIVED DISTRIBUTIONS OF EXPERIMENTAL DATA
Point estimates 7 Measuremgnt group 3

Arithmetic mean X 5.8685 5.8241 5.8245
The arithmetic mean of the boundaries of the variation series x,,, 5.8671 5.8149 5.8084
Median Me 5.8675 5.8239 5.8220
Estimation of the dispersion of the measurement result D, 2.9381-107 9.1148-10° | 2.0654-10™
Standard deviation &, 0.0054 0.0095 0.0144
Estimation of standard deviation G 0.0012 0.0022 0.0033
Estimation of asymmetry A4 -0.3599 0.5870 0.5176
Estimation of excess £ -0.6076 0.0566 -0.4515

TABLEIV.  INTERVAL BOUNDARIES
Measurement group
1 2 3
(k=165 k+1,6,) (5.8523; 5.8848) (5.7955; 5.8528) (5.7814; 5.8677)
(k—Bé&y; k+B6y) (5.8536; 5.8834) (5.7979; 5.8504) (5.7850; 5.8641)
TABLE V. RESULTS OF CALCULATION
Measurement | ., 2
aroup J| Kuiaj | PKyg;) mj | m; | X k; F; Fj D;
2 3 4 5 6 7 8 9 10 11
1] 58585 | 13.2928 | 1.0856 | 1 | 0.0068 | 5.8563 0 0.0130 0.0130
2| 5.8628 | 42.0950 | 3.4379 | 3 | 0.0558 | 5.8606 | 0.0526 | 0.0740 0.0214
3158671 | 71.0780 | 5.8049 | 7 | 0.2460 | 58649 | 0.2105 | 0.2540 0.0435
4| 58714 | 63.9925 | 52263 | 4 | 0.2877 | 3-8692 | 05789 | 0.5550 0.0239
5| 58757 | 307194 | 2.5088 | 4 | 0.8863 | 8735 | g7g95 | 0.8230 ) 0.0335
6 5.8778 ) 0.9570 0.0430
1| 58149 | 26.0687 | 3.7415 | 7 | 2.8379 | 5.8111 0 0.0850 0.0850
2| 58224 | 41.1134 | 59008 | 4 | 0.6123 | 5.8186 | 0.3684 | 0.2850 0.0834
3| 5.8300 | 34.6711 | 49761 | 6 | 0.2107 | 5.8262 | 05789 | 0.5830 0.0041
4| 58375 | 156341 | 22439 | 1 | 0.6895 | 28338 | ggoq7 | 0.8420 0.0527
5| 58451 | 3.7696 | 0.5410 | 1 | 03804 | 8413 1 ggq74 | 09640 1 0.0166
6 5.8489 : 0.9950 0.0050
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CONTINUATION OF THE TABLE V

1 2 3 4 5 6 7 8 9 10 11
3 1] 5.8084 14.7575 3.1521 | 4 | 0.2281 5.8028 0 0.0650 0.0650
2| 5.8196 26.1831 5.5925 | 7 | 0.3543 5.8140 0.2105 0.2310 0.0205
3] 5.8309 25.1945 53813 | 4 | 0.3546 5.8252 0.5789 0.6910 0.1121
4 | 5.8421 13.1482 2.8083 | 3 | 0.0131 5.8365 0.7895 0.7950 0.0055
51 5.8534 3.7214 0.7949 | 1 | 0.0529 5.8477 0.9474 0.9460 0.0014
6 5.8590 1 0.9910 0.0090
TABLE VI.  RESULTS OF CALCULATION
Measurement group
1 2 3
Coefficient d 0.8153 0.7885 0.8310
Value ¢ 0.0163 0.0286 0.0431
(A?IX -g; A?IX +¢) (5.8523; 5.8848) (5.7955; 5.8528) (5.7814; 5.8677)
Value ¢’ +0.0163 +0.0286 +0.0431
Value &7 +0.0037 + 0.0066 + 0.0099

IX. CONCLUSIONS

In the statistical processing of the threefold result

of measuring the active power by a magnetoresistive
converter, two problems were solved. First, some

approximate

value of the measured value

(estimation) is determined, which best corresponds
to the obtained results. Secondly, the probable
deviations of the measurement results from the
measured value are determined.
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IO. @. 3inbkoBcebKkHi, A. 1. ButAranens. MarHiTope3HCTnBHm?i nepeTBOpIoBaY Ha TOHKHX TUTiBKAX

IlpoBenero TpukpaTHe BUMIpPIOBaHHS aKTUBHOI HOTy)KHOCTl MarHiTOpE3UCTHBHUAM IepeTBOpIOBaueM. BukoHaHa
nepeBipka ageKBaTHOCTI ENEeKTPUYHOI MOJENi MarHiTOPE3UCTUBHOIO TePeTBOPIOBAYA, BHKOPUCTOBYIOUH KpuTepii
Creiomenta i @imepa. IlepeBipeHo rinoTe3y Npo  aJeKBaTHICTh MaTeMaTHYHOI MOJIENi  peaJbHOMY
Mal"HlTOpe3I/ICTI/IBHOMy TePETBOPIOBAYY AKTHBHOI noryxHocti. [lpuiiHATO TiMOTE3y TPO Te, IO pPE3yJabTaTH
BUMIpPIOBaHHSI PO3MOAIICHI 110 HOPMAITbHOMY  3aKOHY. [epeBipka 3a xpurtepismu Paiira, Cmupnosa, Ilipcona,
KonmmoropoBa Ta 0ararockiajoBOMYy KpHTEpil0 MiATBEpAWIA JAaHe IpUIyIleHHs. [Ipu cTaTUcTUuHIi 00poOmi
TPUKPATHOT'O PE3yJIbTaTy BUMIPIOBAHHS aKTUBHOI IIOTY>KHOCTI MarHiTOPE3UCTUBHUM IIEPETBOPIOBaYEM OYIIO BHPIIIEHO
nBi 3anayi. [lo-miepie, BU3HaUeHO Nesike HAOMKeHe 3HAUEHHST BUMIPSIHOT BETMUUHH (OI[IHKY), 10 HAWKPAIIUM YHHOM
BIJINIOBiIa€ OTpUMaHUM pe3ynbraraM. [lo-apyre, BU3HAYEHO iIMOBIPHI BIIXHJICHHS PE3yJbTaTiB BUMIPIOBAHb Bijl OLIHKU
BUMIPSHOI BENIWYMHH. Y  pe3yiabTaTi JOCHIIKeHb BH3HAY€HI TOYKOBI OIIHKM OTPUMAHUX  PO3MOALIIB
eKCIIEPUMEHTAJIbHUX JaHUX Ta MOOYAOBaHI TicTOrpaMH Ui EKCIIEPUMEHTAJIbHUX JaHUX MarHiTOpe3UCTHBHOIO
HepeTBOpIOBayYa.

Knio4oBi cjioBa: MarHiTOpe3uCTUBHUIN MEPETBOPIOBAY; aKTUBHA IOTYXHICTh; CTATUCTHYHA 00pOOKa; TOHKI TUTiBKH.
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IO. ®. 3unbkoBckmii, A. U. BeiTAranen. Maraurope3sucTUBHBIN Npeodpa3oBaTesb HA TOHKUX IUIEHKAX
[IpoBeneHo TpexKpaTHOE W3MEpEHWE AKTHUBHOW MOIIHOCTH MarHMTOPE3UCTUBHBIM IpeoOpa3oBateneM. BrlmomHeHa
MpOBEpKa a/ICKBATHOCTH JJIEKTPUYECKOH MOJIENIM MarHUTOPE3UCTUBHOTO TpeoOpa3oBaTessl, UCIOJIb3Yys KPUTEPUU
Creiomenta u Oumepa. [loarBepkiaeHa rumore3a 00 aJeKBaTHOCTH MAaTEeMAaTHYECKOH MOJENU peaJbHOMY
MarHUTOPE3UCTHBHOMY Ipeo0pa30oBaTeNll0 aKTHBHOW MOIIHOCTH. [IpMHATO THIIOTE3y O TOM, YTO pE3yIbTaThl
W3MEpEeHUsl pacrpeneNieHbl M0 HopMalbHOMY 3akoHy. IlpoBepka mo kpurtepusim Paiira, CmuphnoBa, Ilupcona,
KonmMoropoBa 1 MHOTOCIIOXKHOM KPUTEpHUIO MOATBEpAWIA JaHHOE Mpexanonoxenue. [Ipu cratuctuueckoit o6paboTKe
TPEXKPATHOTO pe3yJbTaTa M3MEpEeHHs] aKTHBHOW MOIIHOCTH MarHUTOPE3MCTHBHBIM NpeoOpa3oBaTeneM ObUIO perieHo
JIBE 3a1aud. Bo-nepBBIX, ONpeAeneHbl HEKOTOpOe MpPUOIMKEHHOE 3HAaUYeHHWE M3MEPEHHOH BEIMYHHBI (OIEHKY), YTO
HAWIyquM 00pa3oM COOTBETCTBYET IOJYYEHHBIM pe3yibTaTaM. Bo-BTOpPBIX, ompeneneHbl BO3MOXKHBIE OTKIOHEHUS
pe3yabTaTOB M3MEPEHHM OT OLIEHKHM HM3MEPEHHOW BENWUYMHBL. B pe3ynpTaTe HCCIeAOBaHHH OIpeneseHbl TOYSUHBIE
OLIGHKM IMOJYYEHHBIX pACHpeleNeHNH OSKCHepUMEHTANIbHbIX JAHHBIX M  IIOCTPOEHBl TUCTOTPaMMBl s
9KCIIEPUMEHTAIIBHBIX TaHHBIX MATHUTOPE3UCTHBHOIO IPeo0pa3oBaTes.
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