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BIOTECHNICAL SYSTEM FOR INTEGRATED OLFACTOMETRY DIAGNOSTICS

The subject matter of the article is the process of olfactometric research of a human olfactory function. The object of the study is a
biotechnical system which includes a method for increasing the objectivity of olfactometric diagnostics. The goal is to develop a
biotechnical system for complex olfactometry, which enables increasing the objectivity of olfactometric studies and connecting
breathing parameters with olfactory function by placing an odorant carrier in the airway of the rhinomanometer, as well as by using
procedures for determining the energy characteristics of respiration. The methods used are: methods of digital signal processing, the
theory of biotechnical systems. The following results are obtained. A structural diagram of a biotechnical system for olfactometric
diagnostics of a human olfactory analyser was developed. As a result of the analysis of the cyclogram of nasal breathing, it is found
that by changing the frequency and nature of breathing upon reaching the sensitivity threshold, it is possible to objectify the method of
assessing respiratory and olfactory disorders according to the energy criterion of pneumatic power when inhaling appropriate
odorivectors, and also to study the olfactory and respiratory function with the capability of estimating respiratory cycles in a dynamic
mode. The studies were carried out on the basis of typical inspiration cycles: with a quiet breathing in the normal conditions, in the
forceful breathing mode with a stiff nasal valve, with a nasal valve with natural functional mobility which restricts the flow of air, and
also a stepped inspiration — a short “sipping” of air, which can be characterized as a kind of “sniffing”. Conclusions. Computer
olfactometry is one of the most promising methods for diagnosing olfactory disorders of respiratory genesis. The developed
biotechnical system is based on the use of a fundamentally new design, combining a rhinomanometer and an olfactometric nozzle
with a container for an odorant. A feature of this system is also the capability to determine the energy characteristics of nasal
breathing when the sensitivity threshold of the odorivector is reached. The future direction of the work is to specify the concentrations
of odorants for the biotechnical system for olfactometric diagnostics, which enables testing the sensitivity of the olfactory analyser on
outpatient basis
Keywords: olfactory test, odorivector, rhinomanometer, olfactometry, energy characteristics.

Introduction

General problem
literature sources.

Olfactory disorders can be caused by various
etiologies. It should be noted that there is no single
generally accepted classification of olfactory disorders.
However, they can be divided into congenital and
acquired ones according to the time of their origination.

Permanent acquired smell impairments can be
recognized regarding the complexity of the olfactory
analyser structure:

a) rhinogenic, connected with the pathology of the
nasal cavity;

b) neurosensory, that is peripheral (when
neuroepithelial cells are involved in the nasal cavity and
olfactory nerves) and central (when the structures in the
anterior cranial fossa are affected, e.g. olfactory bulb,
tract, triangle, or lesion of the central cortical parts of the
olfactory analyser) [1-3].

Rhinogenic dysosmias can be caused by diseases of
the nose and nasal tracts, accompanied by a mechanical
impediment to the access of odorants to the olfactory area,
and change in the pH of the secretion of the
Bowman glands, which is a solvent of odorous substances.
The olfactory apparatus is affected by atrophic and
subatrophic changes in the nasal mucosa and metaplasia
of the ciliated epithelium [1].

There are many different methods for studying the
olfactory analyser, starting with the visual analogue scale
and ending with olfactory scintigraphy [4-8].

Olfactory examinations are divided into subjective
and objective ones. Subjective examinations take place
when a research subject should consciously respond to a
smell, its intensity, quality, pleasantness [9—10].

The objective one happens when the reaction of the

setting and analysis of

nervous system is recorded. Doty [11] classifies olfactory
tests into 3 categories: psychophysical,
electrophysiological and psychophysiological ones.

Theoretical part

In the context of cooperation between the department
of otorhinolaryngology of Kharkiv National Medical
University and the Department of Biomedical Engineering
of Kharkov National University of Radio Electronics, a
biotechnical system for complex olfactometric diagnostics
of a human olfactory analyser, based on a computer
olfactometer, was developed (fig.1).

Fig. 1. General view of the device for complex olfactometric
diagnostics

The numerical values of the parameters of measured
quantities of the developed biotechnical system are as
follows:

- the maximum pressure drop across the nasal
meatus can reach the value of up to 40 kPa;

- the maximum air consumption during breathing in
the inspiratory cycle according to spirometry is up to
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81/s;

- the range of measurements of auxiliary sensors,
that determine the pressure drop under the oxygen mask
during inhalation and exhalation, can be selected on the
assumption that the aerodynamic resistance of the
supplying breathing equipment (mask and connecting
hoses) is an order of magnitude less than the aerodynamic
resistance of the respiratory tract, which is confirmed
experimentally [12];

- the error of most standard primary converters used
in medical equipment for respiratory diagnostics is about
5%, and a quantizing step while digitizing an analogue
signal should be 10% less than the measurement error; this
should be taken into account when selecting analogue
sensors. Therefore, the quantizing step should not exceed
0.5% of the maximum signal value, which corresponds to
256 levels of the 8-bit ADC;

- the sampling frequency of measuring signals of the
order of hundreds of Hz should be selected considering
the duration of the breathing cycle that can be from 0.5 to
10s [12], as well as the possibility of testing in a dynamic
mode while examining the comparatively high-frequency

components (up to tens of Hz) of the air flow signal when
diagnosing the function of the nasal valve [13];

- the simplicity of preparatory procedures by
medical personnel (sterilization, adjustment, calibration)
and, directly, testing itself (selection of measurement
modes, data analysis and visualization), which is also one
of the basic requirements for wide using the device in
clinical practice.

Thus, the biotechnical system for complex
olfactometric diagnostics (the structural diagram is shown
in fig. 2), includes:

- measuring unit, containing a nozzle with a
container of odorant and adjustable air supply;

- pressure and air flow sensors that send signals to
the converter unit;

- converter unit in which the output signals of the
sensors are digitized by means of the ADC and
transmitted through the interface module to the PC.

The controlling microcontroller, according to the
selected mode, generates the necessary gate pulses. High-
level signal processing, visualization, analysis and
recording of testing results are performed on the PC with
the help of software [13].
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Fig. 2. Structural diagram of the biotechnical system for complex olfactometric diagnostics

Studies of rhinomanometry data in a dynamic mode
(with visualization of the respiratory cycle) [14] create
new possibilities for analysing and interpreting the results
of nasal breathing testing. Thus, Fig. 3 shows typical
inspiration cycles while normal breathing (1 and 2,
respectively), while forceful breathing mode with a stiff
nasal valve (3), and with a nasal valve with natural

3.00

functional mobility that limits the air flow with a
characteristic truncated vertex at the cyclogram (4 and 5,
respectively), as well as a stepped inspiration (6) that is a
short “sipping” of the air, which can be characterized as a
kind of “sniffing”, which is illustrated by the high
frequency beats of the signal in the diagram of air
consumption.

3
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Fig. 3. Variants of respiratory cycles
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1, 2 — quiet breathing (natural); 3 — forceful breathing (stiff nasal valve); 4, 5 — forceful breathing — stepped inspiration (natural
operation mobility of a nasal valve); 6 — stepped inspiration — “sniffing”
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In this case, stepped inspiration can be realized in
the course of a complete voluntary short-term respiratory
arrest or involuntary one (due to the nasal valve mobility,
the dynamics of the external nose alae) for a short-term

1.5

respiratory arrest (cycles (6) in fig. 4 and cycle (1) in
fig. 5), or while simple alternating deceleration and
acceleration of inspiration (cycle (2) in fig. 3).

1.0

Q, L./sec.

4 6 8§
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Fig. 4. Respiratory cycles with stepped inspiration (1 — in the course of a short-term respiratory arrest, 2 — while simple alternating

deceleration and acceleration of inspiration)

In the course of forceful breathing, this cyclogram
also indicates the stiffness of the nasal valve with
inspiratory flow signals in the form of almost perfect half-
periods of the sinusoid.

Normally, when a research subject feels an
odorivector, his breathing voluntary accelerates for a short
period of time when approaching the sensitivity threshold

(when the intensity of breathing increases); and when the
sensitivity threshold is reached, the breathing cycles turn
into “sniffing”, which contributes to deeper air entry into
the olfactory area and odour recognition. This moment of
time can be characterized as the beginning of the
sensitivity threshold of the odorivector — T (see fig. 3 and
fig. 5).
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Fig. 5. Cyclogram of air consumption for nasal breathing (T — sensitivity threshold)

The obtained facts make it possible to use signals in
the area of the cyclogram that is located to the left of the
sensitivity threshold T (see fig. 5) in order to calculate the
energy characteristics of the nasal breathing; and to use
the shaded area in the pneumatic breathing power diagram
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(fig. 6) in order to determine energy respiratory costs for
diagnosing disorders of the olfactory sensitivity in the
normal conditions (fig. 6, a) and under nasal meatus
obstruction (fig. 6, b) in an automatic mode.
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Fig. 6. Cyclogram of air consumption for nasal breathing a) for polyposis ethmoiditis, b) physiological fluctuations
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Conclusions

Computer olfactometry is one of the most promising
methods for diagnosing olfactory disorders of respiratory
genesis. The developed biotechnical system is based on
the use of a fundamentally new design that combines a
rhinomanometer and an olfactometric nozzle with a
container for an odorant. A feature of this system is also
the capability to determine the energy characteristics of

threshold, it is possible to objectify the method of
assessing respiratory and olfactory disorders according to
the energy criterion of pneumatic power when inhaling
appropriate odorivectors, and also to study the olfactory
and respiratory function with the capability of estimating
respiratory cycles in a dynamic mode. This contributes to
detecting respiratory and olfactory disorders. Specific
breathing cycles of the stepped inspiration correspond to
the odorivector sensation.

The future direction of the work is to specify the
concentrations of odorants for the biotechnical system of
olfactometric diagnostics, which enables rapid testing of
respiratory-olfactory disorders.

nasal breathing when the sensitivity threshold of an
odorivector is reached. The analysis of the cyclogram of
nasal breathing indicated that by changing the frequency
and nature of breathing upon reaching the sensitivity
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BIOTEXHIYHA CUCTEMA JIJIsI KOMILJIEKCHOI OJIb®AKTOMETPUYHOI
JIAT'HOCTUKH

IIpeaMeToM BUBYCHHS B CTATTi € MPOIEC OJb(HAKTOMETPUYHOTO TOCIIIKCHHS HIOX0BOI (YHKIlT JroquHu. O0'€eKT JOCTiIKEeHH —
0loTexXHIYHA CHCTEMa, IO BKIIOYA€E CHOCIO MiABUIICHHSA OO'€KTMBHOCTI ONb(AKTOMETPUYHOI AiarHOCTHKH. MeTa — po3poOka
010TEeXHIYHOT CHCTEMH [UII KOMIUIEKCHOI OJb(aKTOMETpii, IO JO3BOJWUTH IIJBHIIUTH OO'€KTHBHICTH ONB(AKTOMETPHIHUX
JIOCIIIKEHb, 1 3a PaXyHOK PO3MIIIEHHS HOCIS Iaxydol PeYOBHHH B HOBITPSIHOMY TPakKTi PUHOMaHOMETpa, a TaKOX IPOIEIyp
BU3HAYEHHS EHEPreTHYHHX XapaKTepPUCTHK JWXaHHS, 3B'SI3aTH I1apaMeTpH JAWXaHHS 3 IIOKa3HUKaMH HIOXOBOI (YHKIII.
BuKkopUCTOBYBaHMMH METOAAMHU €: METOIM IH(POBOI OOPOOKH CHUTHANIB, Teopis OioTexHIYHUX cucteM. OTpHMaHi HACTYIIHI
pe3yiabTaTi. Po3po0ieHO CTPYKTYypHY cXeMy OI0TEXHIYHOT CHCTEMH JUIsSl OJIb(aKTOMETPUYHOI JIarHOCTUKKA HIOXOBOTO aHajizaTopa
JMIOAMHU. B pe3ynbrari aHanily HUKIOrpaM HOCOBOTO JIMXAHHS BCTAHOBJICHO, IO 32 3MIHOIO YAaCTOTH 1 XapakTepy JUXaHHS IpH
JIOCSITHEHHI TOPOTY BIMYYTTS MOXHA OO'€KTHUBI3YyBaTH METOJl OILIHKH pPECHipaTOPHO-HIOXOBUX TMOPYUICHb 3 YpaxyBaHHSIM
CHEPTeTHYHOTO KPUTEPII0 MHEBMATHYHO! MOTY>KHOCTI MpH BAWXAHHI BIANOBIAHUX OJOPIBEKTOPiB, a TAKOX BHUBYATH HIOXOBY 1
JUXaJdbHY (YHKIIIO 3 MOXJIMBICTIO OILIHKM AWMXAJbHUX IHKIIB B IMHAMIYHOMY pekuMi. JIOCIIJDKEHHS IPOBOAMINCS Ha OCHOBI
TUIIOBHX IMKJIIB BIMXY: IIPU CHOKIIfHOMY JMXaHHI B HOpMIi, y (hOPCOBAaHOMY PEXHMi JUXAaHHS IPH PUTITHOCTI HOCOBOTO KJIAIlaHy,
MPU HOCOBOMY KJIallaHi 3 HOPMaJIbHOI (DYHKIIIOHAILHOIO PYXJIMBICTIO, sIKa OOMEKY€E IMOTIK MOBITPS, a TAKOX CTYIMIHYACTHI BIAUX —
KOpPOTKE "MOTSTYBaHHS'' TMOBITPs, SIKE MOKHA OXapakTEepU3yBaTH, SIK CBOepigHe 'mpuHioxyBaHHA'. BucmoBkm. Komm'torepHa
onb(hakToOMETpis € OJAHUM 3 HAWOUIBII MEPCIEKTUBHUX METOMIB JIarHOCTUKH HIOXOBHUX TOPYIICHb PECHIpaTOPHOTO TEHE3y.
Po3pobiiena OioTexHiYHA CHCTEMa 3aCHOBaHA Ha 3aCTOCYBaHHI MPHUHIMIIOBO HOBOI KOHCTPYKINI, IO TOEIHYE B €00l
PHUHOMAHOMETPiIO Ta 0JIb(AKTOMETPUYHY HACAIKy 3 KOHTECHHEpOM I maxydoi pedoBHHH. OCOOIMBICTIO JaHOT CUCTEMHU € TaKOXK
MOJKJIUBICTh BH3HAYaTH CHEPreTHYHI XapaKTEPUCTUKH HOCOBOTO AWXAaHHS NPH JOCSITHEHHI MOPOTY BITYYTTS OJOPiBEKTOpA.
[epcriekTBOI0 pOOOTH € YTOYHEHHs KOHIEHTpaliil Maxydynmx pPedoBHH Ui OIOTEXHIYHOI CHCTeMH Ul OJb(aKTOMETPidHOT
JIIarHOCTHKH, 10 JI03BOJISIE HA aMOyJIaTOPHOMY IIPHHOMI ITPOBOIUTH TECTYBAHHS Yy TJIMBOCTI HIOXOBOT'O aHalizaTopa.
KurouoBi ciioBa: Tect HIOXOBHIA, 0JIOPIBEKTOP, PHHOMAHOMETPIsl, OJIb(AKTOMETPIs, XapaKTEPUCTUKHU SHEPTeTHYHI.

BUOTEXHUYECKASI CUCTEMA JJI51 KOMILTEKCHOM
OJIb®AKTOMETPUYECKOM TUATHOCTUKH

IIpeameToM H3ydeHHsS B CTaThe SIBISAETCS MPOIECC ONB(MAKTOMETPHYECKOTO HCCIAEAOBAHMS OOOHATEIBHON (DYHKIIMH YeTOBEKa.
O0BbeKT HccaeI0BaHUA — OMOTEXHHYECKAas CHCTEMa, BKIIOYAIONIAs CHOCOO TOBBIIICHUS OOBEKTUBHOCTH OJIB(AKTOMETPHICCKOM
nuarHoctuku. Llems — pa3paboTka OMOTEXHUUYECKOW CHUCTEMBI ISl KOMIUIEKCHOW OJIb()AaKTOMETPHH, YTO IO3BOJIUT IOBBICUTH
00BEKTUBHOCTH OJIb()AKTOMETPUUCCKUX HCCIICTOBAHUMN, U 32 CUCT Pa3MEIICHHs HOCUTENS Maxy4ero BEmeCTBA B BO3AYIIHOM TPAKTEe
PUHOMAaHOMETPA, a TaKXe IPOLEAYP OIpPEIETIeHUsT YHEPTETHYECKMX XapaKTEPUCTHK JbIXaHUs, CBSA3aTh IMapaMETPhbl JbIXaHHUS C
MOKa3aTeNIIMH O0OHATENLHON (GYHKIMH. VCIOab3yeMbIMI METOAAMM SIBIISTIOTCS: METO/IbI HU(PPOBOH 00pabOTKH CHTHAJIOB, TEOPHUS
OGuorexHuueckux cucreM. [loiydeHs! ciemyromue pe3yabTaThl. Paspaborana cTpyKTypHas cxemMa OMOTEXHHYECKOW CHCTeMBbI LIS
0Ib(haKTOMETPUUYECKON JHATHOCTHKHA OOOHSTEIHHOTO AaHAIM3aTOpa YeloBeKa. B pe3ysiprare aHaum3a IHUKIOTPaMM HOCOBOTO
JIBIXaHUSl YCTAHOBIEHO, YTO II0 HM3MEHCHHIO YaCTOThl W XapakTepa [bIXaHWSl TMPU JOCTIKCHHH IIOPOra OUIYIIEHHsS MOXKHO
00BEKTHBU3UPOBATH METOJ OILEHKH PECIUPATOPHO-OOOHSTENBHBIX HAPYIICHUI [0 YHEPreTHYIECKOMY KPHTEPHIO MTHEBMATHIECKON
MOII[HOCTU TIPH BIBIXAaHHH COOTBETCTBYIOIIMX OJOPHUBEKTOPOB, & TAKKE HM3YYHTh OOOHSTEIBHYIO M JbIXaTCIbHYI (DYHKIHIO C
BO3MOYXHOCTBIO OI[CHKH JIBIXaTEIbHBIX [[UKIIOB B IMHAMUYECKOM pexuMe. VcenemoBanHust MpOBOIMINCH HA OCHOBE TUITMYHBIX IIUKIIOB
BIIOXAa: MIPU CIIOKOWHOM JBIXaHHH B HOPME, B (POPCUPOBAHHOM PEKHMME JIBIXaHUS MPU PUTHIHOM HOCOBOM KJjlallaHe, PH HOCOBOM
KJIalaHe ¢ HOPMAaJbHOW (DYHKIIMOHAIBLHON TOJABHXHOCTBIO, OIPAaHUYMBAIOIICH MOTOK BO3/1yXa, a TAaKKE CTYICHYATBHIA BIOX —
KOpOTKOe '"ToTsArmBaHWE" BO3IyXa, KOTOPOE MOXHO OXapakTepH30BaTh, KaK CBOeOOpasHOe 'mpuHIOXHWBaHHE'. BBIBOABI.
KommbrorepHas 0b(hakTOMETpHst SBISICTCSI OJJHAM U3 HarOoJiee MepCIeKTUBHBIX METOIO0B HATHOCTHKH OOOHSTEIbHBIX HAPYIICHHI
pecnupaTopHoro renesa. Pa3paboraHnast GHOTEXHHYECKasi CHCTeMa OCHOBaHA HAa MPUMEHEHHUH MPUHIUITHAILHO HOBOW KOHCTPYKIIUH,
coueTaromieil B cebe pHHOMaHOMETP U OJBL(AKTOMETPUIECKYI0 HacalKy C KOHTEHHEpOM /s maxydero BemiecTBa. OCOOCHHOCTHIO
}IaHHOﬁ CUCTEMBI SBJIACTCA TAKXKXE BO3MOXHOCTH Ol'lpejleﬂf[Tb 3HepFeTI/I‘[eCKI/IC XapaKTepI/ICTI/IKl/I HOCOBOTI'O AbIXaHUSA l'[pl/l JOCTHXKCHUU
nopora OIIYIIEHHUsS] OJ0puUBEKTOpa. [lepcriekTuBON pabOTHl SBISETCS YTOYHEHHWE KOHIEHTpAIMH MaxXy4dyuxX BEHIECTB JUIs
OMOTEXHHYECKOl CHUCTEeMbI s ONb(aKTOMETPUYECKOH JHArHOCTHKH, IO3BOJSIONICH Ha amOyJlaTOPHOM IpHeMe MHPOBOIHUTH
TECTUPOBAHNE YyBCTBUTEILHOCTH OOOHSATEIHLHOTO aHATH3AaTOPA.
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