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Abstract—The problem of acceptance control of a fifth-level automatic driving system is investigated
when using nonhomogeneous samples and allowing one failure in the total sample. It is shown that by
using different operating and test conditions, subdivided into normal and complex conditions, the
required test volume of testing at one failure accepting in the overall nonhomogeneous sample can be
determined based on the Bernoulli’s binomial test (that was introduced to the test under similar
conditions, when using a nonhomogeneous sample). There is no need to determine the probability
of condition occurrences, values of the partial success probabilities,; and their hypotheses are not tested.
The paper proves that the Bernoulli’s binomial test scheme use allows minimizing the required total
volume of testing under nonhomogeneous operating conditions, providing the required level of reliability

about the decisions made.

Index Terms—Acceptance control; nonhomogeneous samples; autopilot system of the fifth-level car;

minimization of test volumes.

1. INTRODUCTION

Probabilistic methods of quality control of the
fifth-level piloting system of the car should confirm
the hypothesis about the required level of operation
success (accuracy) is achieved, with a high level of
confidence in decision.

The success (accuracy) of a car self-driving
operation is thought to be falling of all movement,
location, visualization and identification parameters
(dimensions, distance to objects, direction, speed,
etc.) of a car piloting system into the space and time
limits in real time (Fig. 1).

Fig. 1. Demonstrative visualization of data taken into
account by the autopilot of "Tesla" cars

II. PROBLEM STATEMENT

Certification tests of an electric vehicle must be
natural, i.e. they must be carried out under expected
operating conditions (EOC). In such conditions the
sample obtained from the test results is
fundamentally nonhomogeneous in reference to the
operating conditions.

Probabilistic acceptance control methods support
testing hypothesis of the type P> P, with an

acceptable failure risk. Here P is the success
probability, compliance with the specified
requirements and P is the required probability
value. Let's denote B is the consumer's risk, i.e. the
error probability in P> P, hypothesis accepting.
The binomial Bernoulli’s testing scheme (BSI) [1],
[3] supports determining the minimum required
volumes Nk for hypothesis under test accepting with
arisk B, , where k = 0,1,2,.. is the acceptance value

of failures in Nk tests, in function of the required Pk.
But the BSI has a significant disadvantage. For
example, when checking the compliance of highly
responsible systems, the required success probability
Pr = 0.95 is assigned and the acceptable risk of
erroneous acceptance of the hypothesis P> P, is

equal to = 0.1 (also more strict requirements can

be imposed). According to the BSI, for Pr = 0.95,
f= 0.1 the minimum required volumes of Nk are

No = 45, Ni= 77 and N,=135. As the Py, k values
increase or the P risk value decreases, the required

minimum sample volumes increase, naturally.

It is based on the assumption of a constant failure
probability ¢ = 1 — P in each test. This assumption is
practically not met. Indeed, ¢ = const. cannot be
considered when testing the autopilot under various
weather conditions, the maneuvering modes are also
different: parking, starting off, braking or driving

© National Aviation University, 2020
http://jrnl.nau.edu.ua/index.php/ESU, http://ecs.in.ua



0.Yu. Krasnousova Probabilistic Method of Acceptance Control of the Fifth-level Automatic Driving System ... 19

straight. Therefore, to accept the hypothesis P> P,
with the acceptable risk B, it is necessary to take

into account the fact that the samples under test are
nonhomogeneous. The well-known Poisson test
scheme [3] allows determining the probability of
appearance of k& number of failures when using
nonhomogeneous samples. However, in this scheme,
it is necessary to set specific values of partial
probabilities P;. The assignment of these values is
problematic. Thence, the Poisson scheme is not
usually used in practice.

The following problems exist: classification of
different n operating and test conditions;

S.,i=1n;
assignment of the required success probabilities
P the particular hypothesis testing P, > P, ;

R,i> R,i>

determination of their appearances

interpretation of the results obtained, for example,
different risks [ of accepting hypotheses for partial
probabilities P, etc. Perhaps the main problem is to
solve the problem of providing significantly large
test volumes, cost and test time.

The paper suggests a partial and possible solution
to these problems under the following assumptions
and restrictions:

1) No more than one failure is allowed in the
total nonhomogeneous sample.

2) A proportional nonhomogeneous sample is
used when the volumes of its layers as follows:
N; =S8,N", where N” is the total volume.

3) The layer's number is n = 2, i.e. all operating
and test conditions can be considered normal or
complex.

4) The appearance of these conditions S,, S, are
assumed to be the same or assigned unequal in some
cases.

5) The required partial probability values P, ; are

not assigned and hypotheses of the type P, > P, are

not tested.

To solve this problem, we use and develop the
results of our previous works [6] — [8].

First of all, we replace the requirements P, > P, ,

(the values P, are unknown in principle) with a

single requirement: P, > P,, where P, is the total
probability. We are considering the possibility of
expanding the limits of BSI's applicability for
determining the required operating conditions of
systems and serial products.

For this purpose, we check the ratio analysis for
the probability of appearance of no more than one
failure in a homogeneous sample and in a total, two-
layer, nonhomogeneous and proportional sample.

We don't assign a specific probability values P,
P,, but we suppose P, =S,P +S,P,, where the
values S, and S, are set.

III. COMPARATIVE ANALYSIS OF EXPRESSIONS
FOR THE PROBABILITY OF APPEARANCE OF NO
MORE THAN ONE FAILURE IN A HOMOGENEOUS
AND TWO-LAYER NONHOMOGENEOUS SAMPLES

The probability theory implies that the
probability of no more than one failure in a

homogeneous sample of volume N; with the
probability of success P, is follows:
B] = Bo +B, (1)
where
By=PF", B, =N, B qy. ()

For a two-layer nonhomogeneous sample of
volume N, this probability is equal to:

B =By + B/, 3)
where
B, =B P,
* ¥ N -1 Ny * N -1 Ny (4)
B, :NI,IPI SV e +N],zpz g, B
Here, in equations (1) and 2)
BosBos B, BBy, B are the  probabilities,

respectively: for absence of failures, for exactly one
failure and for no more than one failure. The
superscript “*” corresponds to a nonhomogeneous
sample.

The values of P;, P, in (4) may be unknown.
Let’s consider the case when the values of S;, S, are
a priori unknown. Then it should to take S; = S, =

= 0.5, N;,=N;,=0.5N,. We consider N =N,.
Let’s denote N, =2m, N, =N;, =m. We consider
P.=P,, denote P, =P, q, =q, =q. Then we write
using equations (2) and (4):

B, =2mP>""'q=2mP*"V"", )
B]* — m])]m—]qlljzm + mljszlqzljlm
(6)
=m(RB)" V" +m(RE)"V,",
R P P
where V, =—L, V,=—2%, V =—
a4 q, q

Since in this case we can accept:
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B =P(1+9), P,=P(1-9),
PP, =P (1-x), x=&,
¢, =9- P8, g, =q+P3,

then (6) can be rewritten in the form:
Bl =mP™ (1-x)" (v, +1,"). (7)

It was previously proved [7], [9], that B; <B, for
any values N* =N, for any value of n layers of a
nonhomogeneous sample for any values of S;. Then
to meet the inequality B; <p, in the case considered
here it is sufficient and necessary to find the
conditions under which the inequality B < B, is
met. For this purpose we consider a ratio
¢ = B, / B, using equations (5) and (7), obtaining:

qu n szl )

o =0.5(1—x)’”( =(1-x)"" (1+7x). (8)

y-l
(In deriving the above equation (8) the relation
V1) 2148
( ] - 2 ): (L+7%) is used).
V 1-x
According to the equation (8) we have: ¢, =1 if
x=0and o, <1, if ¢ (x)<0.
Consider the derivative of equation (8):

o (x)= —(m - 1)(1 - x)W2 (1 + Vx)
+ V(l - x)

©)

m—1

9" (x)<0, if, according to the equation (9), the
condition is met:

V(l—x)

-1)> .
(m ) 1+Vx

(10)

We strengthen the inequality (10), by neglecting
the value of Vx in the denominator (10), and then the
value of x in the nominator’s parenthesis (10).
(Indeed, for P= Pr = Pr=0.95 we have V=19, X
< 0.00277, Vx, .. <0.0526, that is

X <<1, Vx_, <<I).

Then we obtain from the inequality (10) a
strengthened inequality of the type

m21+V=q"', 2m=>2q". (11)

When the inequality (11) is satisfied, we

conclude that B < B,. Then B; <B, at

N'=N, 22¢". (12)

For example, if Pz = 0.95 from (12), we receive
N; =N, >40. But according to the BSI N, =77 is

required to provide the risk B, =0.1 (in case of a
homogeneous sample). Thus, when choosing N, =
78 the acceptable risk PB; <0.1for accepting the
hypothesis P, >0.95 is obviously provided if there
is one failure in the total nonhomogeneous sample.

IV. CONCLUSIONS

When wusing different operating and test
conditions subdivided into normal and complex
ones, the required test volume with one failure
allowed in the total nonhomogeneous sample can be
determined based on the binomial Bernoulli’s test
scheme (which was introduced for tests under
homogeneous conditions, using a homogeneous
sample).

Using the binomial Bernoulli's test scheme
allows minimizing the required total test volume
even under nonhomogeneous operating conditions.

It is possible to solve probabilistic acceptance
control problems when the number of layers of a
nonhomogeneous sample is more than two, and also
when the acceptance number of failures is more than
one.

The results of the work can be used for
acceptance control of the automatic driving system
of the fifth level, under nonhomogeneous test
conditions, with the required level of confidence in
the decisions made.
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0. I0. KpacnoycoBa. ImMoBipHicHUII MeToA NPUIMAIBHOI0 KOHTPOJIO CHCTEMH ABTOMATHYHOIO BOdiHHS
aBTOMOOLISI NI'AITOr0 PiBHS MPH HEOTHOPITHMX YMOBAX eKCILTyaTALil

Po3rnsinyTo 3ajady mpUEMaNbHOTO KOHTPOJIKO CHCTEMH aBTOMATHYHOTO BOZIHHS aBTOMOOUIS M'STOr0 PIiBHS HpHU
BUKOPHCTaHHI HEOJHOPIHUX BUOIPOK 1 NpH IOIYCKY OJHI€l BiAMOBM B cymapHiii BuOipmi. [lokaszano, mo mnpu
BUKOPHCTaHHI pPI3HMX YMOB eKCIUTyaTalii Ta BHIOpPOOYBaHb, IO IMOAUIIOTHCS Ha HOPMallbHI 1 CKJIaJHI YMOBH,
HeoOXiMHUH 00csAT BUMPOOYBaHb MPH IOMYCKY OJHI€T BIIMOBM B CyMapHili HEOJHOpIAHII BUOIpII MOKHA BU3HAYUTH,
BUXOJIS1YM 3 OIHOMIHAJIBHOI CXeMHU BUNPoOyBaHb bepHyimi (sixka Oyna BBeeHa /sl BUIPOOYBaHb B OTHOPIIHMX YMOBaX,
IIPU BUKOPHUCTAaHHI OfHOpiAHOI BHOipku). [Ipu npoMy HemMae HEOOXiIHOCTI BH3HA4YaTH HMOBIPHICTH 3yCTpPi4ajbHOCTI
YMOB, 3HAQUEHHS MaplialbHUX HMOBIPHOCTEH YCITiXy, HE MEPEBIPAIOTHCS IX PO3ALIBHI Timore3u. B podoti mokaszaHo, mo
BUKOPHCTaHHS OiHOMiaJbHOI CXeMHU BUIPOOyBaHb bBepHymli 103BoJsie MiHIMI3yBaTH HEOOXIJIHWI CyMapHWi o0csr
BUIIPOOYBaHb i NMPU HEOJHOPITHUX YMOBaX €KCILTyarallii, 3a0e3neuyroun HeoOXiAHUI piBeHb HaJIHHOCTI MPUHHATHX
pilleHb.

Karwu4oBi cioBa: npuiiManbHUl KOHTPOJB; HEOMHODIAHI BHOIPKU; CHUCTEMa aBTOMIOTYBaHHS aBTOMOOUIS IT'STOTO
PiBHS; MiHIMi3aIlist 0OCSTiB BUIIPOOYBaHb.

KpacnoycoBa Oubra FOpiiBna. Kanauaar TexHiuaux Hayk. JlomeHT.

Kagenpa aBiamiifHux KOMIT'FOTEpHO-IHTETPOBAHNX KOMIUIEKCIB, HationanbpHuii aBiauiiuuii yHiBepcuteT, KuiB, YkpaiHa.
Ocsita: KuiBChbKkuii iHCTUTYT iH)XEHEPIB LUBUIBHOI aBiarlii.

HarnpsiMok HaykoBOI isSUTBHOCTI: CTATHCTHYHI METOJM KOHTPOJIIO SIKOCTI PaioeIeKTPOHHUX CHCTEM.

Kinpkicts myomikarii: 26.

E-mail: o.krasnousova@gmail.com

0. 10. KpacHoycoBa. BeposiTHOCTHBIIi MeTO[ MPUEMOYHOI0 KOHTPOJISI CHCTEMbI ABTOMATUYECKOI0 BOKIAEHUS
ABTOMOOWIA MSATOT0 YPOBHSI PH HEOTHOPOAHBIX YCJIOBUAX IKCILTyaTAIIAH

PaccMmoTpena 3aaua MpUEMOYHOTO KOHTPOJISI CHCTEMBI aBTOMATUIECKOTO BOXKICHUS aBTOMOOMIIS IATOTO YPOBHS IPHU
HCIIOJIb30BaHUM HEOJHOPOIHBIX BHIOOPOK M MPH JOIYCKE OJHOIO OTKa3a B CyMMapHOW BbiOOpke. ITokazaHo, 4yTO mpu
HCIIOJIb30BAHUM PA3HBIX YCIOBUM 3KCILTyaTallMy M UCIIBITAHMH, TIOAPAa3/eIIeMbIX Ha HOPMAIBHBIC U CIIOKHBIC YCIIOBHUS,
TpeOyeMblii O00BbEM HCIBITAHUI TPH JOMYCKE OMHOTO OTKa3a B CYMMAapHOW HEOJHOPOMHOM BBIOOPKE MOXKHO
OIPENICIIUTh, UCXOAS U3 OMHOMHMHAJIBHON CXEMBI MCIIBITaHHH bepHymim (koTopas ObUla BBEACHA TS WCIBITAHWN B
OIHOPOJHBIX YCIIOBHSX, MPHU HCIOIH30BAHUU OJHOPOIHON BBIOOpPKH). IIpu 3TOM HET HEOOXOTUMOCTH OIPEICIAThH
BEPOSATHOCTH BCTPEYACMOCTEH YCIOBUM, 3HAYEHHUs IapIMajbHBIX BEPOATHOCTEH ycIiexa, HEe IPOBEPSIOTCS HX
pa3menpHBle TUIOTE3Bl. B paboTe MOKa3aHO, YTO HCIONB30BAHHE OMHOMHMAIBHOM CXEMbl HCHBITAHWN bepHymm
MO3BOJSICT MHHHUMH3UPOBATh TPeOYyeMbIi CyMMapHBIH O0BEM MCIBITAHHA M IPH HEOJHOPOMHBIX YCIOBHSAX
IKCIUTyaTaIiy, 00ecIeunBas HEOOX OMUMBIN YPOBEHD HAJACKHOCTH MIPUHUMACMBIX PEIIICHUIM.

KiroueBble cjioBa: MPUEMOYHBIA KOHTPOJB, HEOMHOPOIHBIC BBIOOPKH, CHUCTEMa aBTONMMIOTHPOBAHUS aBTOMOOWIISA
IIATOTO YPOBHS; MUHUMHU3AIUS O0BEMOB UCIIBITAHHIMA.

Kpacnoycosa Oubra IOpseBHa. Kanaunat TexHuueckux Hayk. JIOIEHT.

Kadeapa aBHaIMOHHBIX KOMITBIOTEPHO-UHTETPUPOBAHHBIX KOMIUIEKCOB, HalloHAIbHBINA aBHAIIMOHHBIN YHUBEPCHUTET,
Kues, Ykpauna.

O6pazoBanue: KneBckuii HHCTUTYT HHXEHEPOB TPaXKIaHCKON aBUAIIHH.
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