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Mo3ULMOHHO-CUNIOBOM KOHTPONb NpY MAGHTUPUKALUN S
TKaHeBbIX CTPYKTYp CNeKTpo¢oTOMETPUYECKUM
METO/0M

M.H. Benbluesa, A.B. l'ycesa, ®.A. Konepa, .B. Mypnuna, J1.1. CadoHoBa

MoCKOBCKUI rocynapCTBEHHBIN TeXHUYECKUiA yHUBepcuTeT uMeHn H.3. BaymaHa (HaumoHanbHbI UccnefoBaTenbckui yHuBepeuTeT), Mocksa, Poccus

AHHOTALINA

06ocHoBaHue. CnekTpohOTOMETPUA C BPEMEHHBIM pa3peLLeHneM 06ecneunBaeT KOHTAKTHOE 30HAMPOBaHWe 61oNOrMYecKux
TKaHel Ha rnybuHy oT ABYX MUNIMMETPOB [10 HECKOJTBKWUX CaHTUMETPOB C MPOCTPAHCTBEHHBIM pa3peLLeHeM 0T OAHOTO 10 NATH
MUNMMETPOB. Mpu 3TOM 0OCYLLECTBNIAETCA KOIMYECTBEHHASA OLIEHKA ONTUYECKUX MOKa3aTenei, KOHLEHTpaLmii OCHOBHbIX XpO-
MOo(OpOB, UAEHTUDMKALMA TUNA TKAHU U BKIIKOYEHUI B 00bEME, YTO aKTyaNbHO A MHTpaonepaLmMoHHoi auarHoctuku [1-3].
N3MeHUMBOCTb ONTUYECKUX CBOWCTB MPM CAABNMBAHMM 30HAOM OMPeAensieT HeobXOAMMOCTb CUNIOBOFO KOHTPONS Mpuxa-
TS, YTO, KaK M MO3ULMOHMPOBAHUE, UCMOMb3YETCA B pOBOTM3MPOBaHHON XMPYPrumM U anarHoctuke [4—11], rae nepcnektuBHa
peanu3auus COYETaHHOro MeXaHWYecKoro U cnekTpodoToMeTpuyeckoro noaxoaa. OgHako TpebytoTca JoNONHUTENbHbIE UC-
Cnef0BaHus, KacaloLLmecs HacTPOKKK cneKkTpodoToMeTpa, pa3paboTky TecT-06BEKTOB, onpefieneHUs BO3MOXHOCTEN CreK-
TpohOTOMETPUM C NO3ULIMOHHO-CUIIOBLIM KOHTPOJIEM [1S1 UAEHTUDUKALMM TKAHEN U BKIHOYEHMIA.

Llenb — pa3paboTka NOAX0A0B K aKTUBHOMY MO3ULMOHHO-CUI0BOMY KOHTPOJTIO AJ1S1 UCCefoBaHUs QYHKLMOHaNbHbIX BO3-
MOXHOCTel CNeKTpodoTOMETPUN B MAEHTUDUKALMM TKAHEBbIX CTPYKTYP.

Matepuanbl u MeToAbl. [TOArOTOB/EH IKCNEPUMEHTANIBHBIA CTEH/, HA OCHOBE [BYXBOMHOBOMO CMEKTPOJOTOMETpPA C 4acToT-
HbiM nogxofoM OxiplexTS (ISS Inc., CLUA) ¢ BO3MOXHOCTbIO NO3ULMOHHOMO KOHTPOMA OMTUYECKOr0 30HAA C MOMOLLbIO Po-
6oTusmpoBaHHoro MuHu-mManunynstopa (U-Arm, Kutai). PaspabotaHo nporpammHoe obecnedyeHve onis perucTpaumuu cuibl
NPUKaTUS U3rOTOBJIEHHOMO 30HAA B MHAMBMAYaNbHOW HacafKe Ans Manunynstopa. MpeanoxeH anroputm 06paboTku aKkc-
NepUMEHTaNbHBIX JaHHbIX ANs OLEHKU BUOMEXaHUYECKMX, ONTUYECKUX U DU3NONOrMYecKUX NapaMeTpoB TKaHW. B TectoBoM
3KCMEePUMEHTANbHOM UCCIE0BaHUM NPUHUMAN y4acTUe OfUH 3A0POBbIA UCTILITYEMBIN. I3MepeHns NpoBOAMAMCH Ha Thiflb-
HOM W BHYTPEHHEN NOBEPXHOCTAX NpeAneybs U Ha MUNoTEHape IafoHu.

Pesynbtathl. [laHHble cuna—nepeMeLleHre No3BONIAIOT KONMYECTBEHHO OLEHMBATb YNpyrie CBOMCTBA MccnepyeMoi buono-
rM4eckon TkaHu. OLHOMOMEHTHO perucTpupyeMmble, B IMHAMUKe NpUXaTUs 30HAA, OMTUYECKME MOKA3aTeNu, KOHLEHTpaLmm
(paKkuuit remornobuHa B eauHULE UccnieayeMoro 06bEMa W TKaHeBas caTypaLus NO3BONSKOT OLEHUTb MUKPOLMPKYIATOPHbINA
KPOBOTOK, BbISIBUTb HaNlMuKe W TUM KPYMHBIX COCYAOB. [IpuMeHsieMble A1S1 HACTPOIKK CreKTpodoTOMeTpa CTaHLaPTHbIE CUKN-
KOHOBbIE TECT-00BEKTHI HE COOTBETCTBYHOT BUOTKAHSAM MO MEXaHWYECKWUM CBOICTBAM, YTO MPM ManbIx rabaputax OnTUYECKOro
30H[a BHOCUT [,ONONTHUTESNbHYI0 HEONPeLEeNEHHOCTb B KOJIMYECTBEHHBIE OLLEHKM CBOICTB TKaHeiA.

3akunoyenue. [lobaBneHue aKTUBHOMO CMIOBOTO KOHTPOSIA M aBTOMATWU3WUPOBaHHOI0 MO3WULMOHUPOBaHWA ONTUYECKOr0 30HAA
npu cnekTpodoTOMETPUM NO3BONSET YBENUUUTL €€ QYHKUMOHAMbHBIE BO3MOXHOCTU AN UAEHTUDUKALMM TKAHEBbIX CTPYK-
Typ, pacwmpuTb e€ 061acT NpUMeHeHUs B pob0TM3MPOBAHHOMW NpeL-, MHTPa- U NOCTONepPaLMOoHHOM AarHocTuKe. [ina nanb-
HeMWWX MccnefoBaHuii BoMbLIEro KOMMYECTBA TKaHEW, TKAHEBbIX CTPYKTYP W UMUTUPYHOLLMX MX pa3pabaTbiBaeMbix TecT-
06bEKTOB TpebyeTcs YCOBEPLUEHCTBOBAHME 3KCMEPUMEHTANIHOMO CTEHAQ: YBEIMUYEHME YYBCTBUTENILHOCTM AaTYMKa CUAbl,
MNaBHOCTU M UCKPETHOCTM X0L,a NPY NO3ULMOHUPOBaHWM, HanpUMep, 3aMeHON MUHU-MaHUMYNATOPa KoNnabopaTUBHLIM po-
DoTOM. YnyuLleHue nporpaMMHOI YacTy npegnonaraeT peanusaumio cuHxpoHusaumm ¢ OxiplexTS yepes ero uHTepdencHbIi
MOZy”Nb BBOAQ, HanNMCcaHWe NporpaMMbl 4J1s aBTOMATUYECKOr0 CKAHUPOBaHMS NMOBEPXHOCTU.

KnioueBble cnoBa: CI0BOM KOHTPOJIb; ONTMHECKUE CBOMCTBA; MEXaHUYECKME CBOMCTBA; BUOTKaHb.
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Position-force control in the identification of tissue
structures using the spectrophotometric method

Mariia N. Belsheva, Anastasia V. Guseva, Fedor A. Koleda, Polina V. Murlina, Larisa P. Safonova

Bauman Moscow State Technical University, Moscow, Russia

ABSTRACT

BACKGROUND: Time-resolved spectrophotometry enables the contact probing of biological tissues at a depth of two millimeters
to several centimeters, with a spatial resolution of one to five millimeters. This technique provides a quantitative assessment
of optical parameters, concentrations of main chromophores, identification of tissue type and inclusions in the volume, which
is relevant for intraoperative diagnostics [1-3]. The variability of optical properties during probe squeezing necessitates
the implementation of force control of squeezing, which, like positioning, is used in robotic surgery and diagnostics [4—11].
A combined mechanical and spectrophotometric approach holds promise in this regard. However, further research is required
concerning spectrophotometer setup, the development of test objects, and the determination of the possibilities of positioning-
force-controlled spectrophotometry for the identification of tissues and inclusions.

Development of approaches to active positional force control to study the functionality of spectrophotometry in identifying
tissue structures.

MATERIALS AND METHODS: An experimental bench was constructed based on a two-wavelength spectrophotometer with
OxiplexTS frequency approach (ISS Inc., USA). This bench allows for the position control of the optical probe using a robotic mini-
manipulator (U-Arm, China). Additionally, a software program was developed to record the pressing force of the fabricated probe
in a customized nozzle for the manipulator. Finally, an algorithm was proposed for processing experimental data to estimate
biomechanical, optical, and physiological parameters of the tissue. A single healthy subject participated in the experimental study.
Measurements were conducted on the dorsal and ventral surfaces of the forearm and on the palmar surface of the hypotenar.
RESULTS: The quantitative assessment of elastic properties of biological tissue can be achieved through the use of force-
displacement data. The simultaneous registration of optical parameters, concentrations of hemoglobin fractions in a unit of the
investigated volume, and tissue saturation in the dynamics of probe pressing allows for the estimation of microcirculatory blood
flow, the revelation of the presence and type of large vessels. The standard silicone test objects used for spectrophotometer
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calibration do not align with the mechanical properties of biological tissues. Given the diminutive dimensions of the optical
probe, this discrepancy introduces an additional degree of uncertainty in the quantitative assessment of tissue properties.

CONCLUSIONS: The addition of active force control and automated positioning of the optical probe during spectrophotometry
enhances its functional capabilities for identifying tissue structures and expands its applications in robotic pre-, intra- and
post-operative diagnostics. For further studies on a larger number of tissues, tissue structures and mimicking tissue test
objects, an improvement of the experimental bench is required: increase of the sensitivity of the force sensor, smoothness and
discreteness of the motion during positioning, e.g. by replacing the mini manipulator by a collaborative robot. The improvement
of the software part implies the implementation of synchronization with OxiplexTS through its input interface module, writing

a program for automatic surface scanning.

Keywords: force control; optical properties; mechanical properties; biotissue.
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