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Abstract. The necessity of creating automatic control unmdreerial vehicle low altitude flight is subs-
tantiated. Brief analyses existing means of measant of geometric altitude of the aircraft is givé@ine
principle of action capacitive transducer with op@homogeneous field and its characteristic projgsrt
are considered. Analyzes the characteristics ofgemetric capacitance meter altitude are givere Th
results of experimental and theoretical investigas of the characteristics of a capacitive transhare
showed. The systems of electrode capacitance imegt are proposed
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I ntroduction ducer significantly increases the accuracy of the
Irgeasurement of geometric altitude. Thus, measure-

Review and analysis of unmanned aerial vehic . . .
(UAV) shows that the vast majority of problemsmem of altitude capacitance method is to mea$gre t

solved UAVs, (completing in mode) made during ZIESCETTE 2RERER TR (RERT ST GRS
low-altitude flight. Unmanned aerial vehicle flight P P

control, usually by the operator remotely. Estimati mounted on the surface of the aircraft.
of flight parameters is performed visually. The Search for solutions

probability of mistakes is high enough by the latk
information about the parameters of the flight trel
inertia operator actions. Obvious need for theointr
duction of automatic flight control UAVSs.

Interelectrode capacitance of the capacitive
transducer has a very small value. Methods for
measuring ultra small described in [1; 2]. There ar
some descriptions analog circuits and devices im-
Statement of the problem plementing these methods. Unlike radar techniques,
e capacitive method of measuring the height gives
e integral estimation of height. If on way of the
AV will appear separate projecting above the ter-
éasin object (hump, failure, forest), this will clggnthe
configuration of the electromagnetic field of a @ap
citive transducer and will provide proactive infam
It'éon on changing terrain.

This is called to the following properties. The

One of the essential factors for the implementatiot
of the system is the information about the tru
(geometric) altitude. A brief overview of modern
avionics aircraft shows that the most common gaug
are true altitude radio altimeters. At presenteifgm
aircraft are widely used laser altimeters. In thése
vices, the method of the location is used, which
having the following disadvantages. Quality of the o 2 :
information signal essentially independent from th Iectromagneﬂc field O,f a capacitive transdgcer n
shape and properties of the reflective surfacej-TyperaCtS with the Earth’'s surface at a certain spot,

cally, the reflected signal is noisy enough. Tcaibt which gives an integrated assessment of the relief
useful information acceptable accuracy is necessaly E'Q tgrei)rr?(;?]?acl)fs:[[ggiggztr:r:irca;gon% del of the An-2
filtering the signal and its corresponding treatmen, . P . .
This leads to a delay of the useful signal, whiah ¢ (fig. 1,2) s_h_owed_the_xt the Iow-altltl_Jde_mete_r,_bunt on
be unacceptable. Besides, the measurement el%? capacitive principle of operation is efficientd
increases with de'creasing aZItitude can be broadly applied. The results of the first te
According to the author, more acceptable meattu@ht on an An-2 proved the applicability of t_h_e
method of measurement of the capacitive

of obtaining information about the height is ancele . : . .
trical capacitance way to measure the height. ig tHOW_alt'tUde flight. I—!owevgr, the static characetids
oér%he meter had mixed views. (fig.d),

device uses dependence of capacitance betwe . . .
planar capacitor plates disposed on approachig the Character change is determined by the sizes of the

a conductive surface (land, water, etc.). The agé)esci:irgr?iis gﬁaﬁg'tsaur}?;:lgmﬁ;e{m%ndoft?ﬁgar.r%?tlve
proximations of the earth’s surface call the capaci he elect?ode svstem and given ot)(/antials form the
ance increases. This property is a capacitive {rans y 9 P
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electromagnetic field of a certain configuratioa-p 54 —
rameters behavior is approaching the Earth’s sarfac
and determines the character of the information ca-
pacity of the height. 20
For elucidation the mechanism of interaction of .
electromagnetic fields meter with the Earth’s stefa
finding ways to create the desired straightforward
static characteristics performed a study that veas c
ried out by means of mathematical modeling of the 12
electrostatic field meter [3]. _
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Fig. 2. Static characteristics of the meter toupper (1)
and lower (2) the placement of the radiating (fpgken-
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Development of an electrodes system capaci-
tivetransducer

For stabilization of the geometric altitude of the
UAV is suggested to use an electrode system with a
receiving electrode, which is placed middle bottdfim
the fuselage, and four radiating electrodes that ar
placed on wings and front and rear surfaces of the

fuselage. In order to obtain the unique charadiesis
a of the emitters are located on the upper surfatct®o
body and wing UAV (fig. 3).
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Fig. 3. Placement of electrodes on the body oftA¥:
b 1, 2 — longitudinal high-potential electrodes (HPE)

Fig. 1.a— Large-scale physical model of the An-2

3, 4 — Cross HPEehicle

(M 1:50);b —Dependence of the inter-electrode capacit-  Structure of the control system

ance of the height above the sample surface:
1 — sheet metal; 2 — wet sand

The structure of the stabilization system of geo-

metric altitude UAV is developed. Capacitive mea-
Mathematic modeling is completed with of sevsuring geometric altitude (CMA) outputs a signal in
eral variants of placement elements of an electroggcordance with a static characteristic of theipart
system. Most revealing in the sense of the unigeeneilar system of electrodes placed on the body of the
of the static characteristic was emitting electrodgAV. To use the well-known standard structures
placement on the top surface of the wing. As can keabilize the geometric altitude must be enteréa in
seen from the graph (fig. 2), is obtained the sempthe system unit linearization characteristics CMA.
static characteristic. This can be realized digital system unit. In the
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memory block is entered static characteristic CM/case will take down the aircraft, the alignmentustio
placed on the UAV. Input data are determined exgbe possible to lower altitude just before landing.
rimentally. The input signal is digitized by t@a- Recommended height of lateral movement of the
log-to-digital converteand then processed accordintUAV on the third phase consists of 5 ... 1m. Thénma
to the entered program. On the way out get a sigitask of the control system for the longitudinal oot
corresponding to the measured geometric height. Tof the air trajectory third phase is the alignmefrithe
output signal for introducing it into the contrglss pitch. The variety of control laws in the alignmeng

tem is converted into analog by tt®gital-to-analog used, as well themselves trajectory alignment.
converter Designed digital unit is introduced into the

set point height — corrector. The process of sbil ~ conclusions
tion height is performed on the previous known al- The implementation of the automatic control
gorithm. low-level flight, the UAV will significantly expand

The complexity of managing the UAV landing ontheir scope and reduce the cost of production.
the third phase is mainly determined by the faat th
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A.II. Ko3ioB. CucreMa BUMipIOBaHHS Ha MaJIMX BHCOTAX MOJIBOTY 0€3MiJIOTHOIO JIITAJILHOTO anapara
OOrpyHTOBaHO HEOOXIIHICTH CTBOPEHHS CHCTEMH aBTOMATHYHOTO YNPABIIHHS HHM3bKOBHCOTHHUM IIOJHOTOM
0e3MI0THOT O JIiTaIbHOTO anapara. HaBeneHo KOPOTKHUiA aHaii3 iCHYIOUHX 3ac001B BUMIPIOBAaHHS T€OMETPHYHOT BUCOTH
MOJIBOTY JIITAJILHOTO arnapaty. PO3risHyTO MPUHIMII [1iT €EMHICHUX [IEPETBOPIOBAYIB 3 BIAKPUTHM HEOIHOPIIHUM I10JIEM 1
Horo xapaktepHi BinactuBocTi. IIpoananizoBaHO XapaKTEepUCTHKH EMHICHOTO BHMIpIOBaya TIe€OMETPUYHOI BHCOTH
noJjpoty. HaBeneHo pe3ysbTaTi eKCepuMEeHTaIbHUX 1 TEOPETHYHUX JIOCHIPKEHb XapaKTePUCTHK EMHICHOTO aT4YHKa.
3anponoOHOBAaHO CUCTEMY EJIEKTPOJiB EMHICHOTO BUMIpIOBada T€OMETPHYHOI BHUCOTH JJII CUCTEMH aBTOMATUIHOTO
YIPaBJIiHHS HU3bKOBUCOTHUM TIOJHOTOM O€3IMIOTHOTO JIITATLHOTO arapata.

Ku104oBi ci10Ba: MoOIKOT Ha MaJliii BUCOTI; TEOMETPUYHA BUCOTA; EMHICHUN BUMIpIOBaY BHCOTH.

Ko3zaoB Anatodiii [TaBnoBuy. Kanaugat TexHivaux Hayk. JlOmeHT.

Kadenpa koMt roTepHO-1HTErpoBaHiX KoMIUIeKciB, Hamionansauii aBianiinuii yHiBepcuret, Kuis, Yipaina.

Ocgita: KuiBchkuii nepsxasuuii yaisepcutet imeni T. I'. [lleBuenka, Kuis, Ykpaina (1965).

HarpsiMok HaykoBO{ AisUIEHOCTI: €EMHICHI IIEPETBOPIOBAY] 3 HEOJHOPIAHUM €JIEKTPOMArHiTHUM I10JIeM, EMHICHI IPWIIaN
BIMIPIOBaHHS TEOMETPHYHHX MApPaMETPiB MAaJIOBHCOTHOTO MOJBOTY IMOBITPSHOTO CYIHA, BHKOPHCTAaHHS E€MHICHUX
MEPETBOPIOBAYIB Y CUCTEMAaX aBTOMATUYHOTO KEPYBAHHS MaJIOBUCOTHHM MOJIHOTOM MOBITPSIHOTO CYJIHA.

KinmbkicTs myOmikamiii: 48.

E-mail: ap_kozlov@ukr.net
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A.II. KozsoB. CucremMa u3MepeHusl Ha MAJIbIX BBICOTAX MOJ1eTAa 0eCUIOTHOIO J1eTaTeJIbHOI0 annapara
OO0ocHOBaHa HEOOXOJUMOCTh CO3JaHUSI CHCTEMBbl aBTOMAaTHYECKOTO YIPABJIECHHS HU3KOBBICOTHBIM IOJETOM
OECIWIOTHOTO JIeTaTeNbHOrO ammapaTa. [IpuBeseH KpaTKMi aHaiuu3 CYLIECTBYIOIIMX CPEICTB  H3MEPEHUs
TFE€OMETPUUECKOM BBICOTHI IOJIETAa JIETaTEeAbHOIO ammapata. PaccMOTpeH MHOpHUHIUN JEUCTBUSL  €MKOCTHBIX
npeoOpa3oBaTenell C OTKPHITBIM HEOJHOPOAHBIM IIOJIEM M €ro XapakTepHble CBOMCTBa. [IpoaHann3npoBaHHBI
XapaKTEPUCTUKHA  E€MKOCTHOTO  M3MEPHUTENi TIEOMETPUYECKOW  BBICOTHI  mojera. IlpuBeneHsl  pe3yiabTaThl
9KCIIEPUMEHTAIBHBIX M TECOPETHYECKUX HCCIECJOBAaHWN XapaKTEPHCTHK €MKOCTHOTO JaTdmka. lIpemioxkeHa cucrema
UIEKTPOJIOB E€MKOCTHOTO HW3MEPHUTENSI TCOMETPHYECKOW BBICOTBI [UII CHUCTEMBI aBTOMAaTHYECKOTO YIPAaBICHUS
HHU3KOBBICOTHBIM I0JIETOM OECIIMIIOTHOTO JIETATEIBHOTO anmapaTa.

KnroueBble c10Ba: 1ojeT Ha HU3KOI BBICOTE; FEOMETPUYECKast BUCOTA; EMKOCTHON M3MEPUTEIb BBICOTHI.

Ko3noB Anartoauii [laBnoBuu. Kanguaat rexunueckux Hayk. J{omeHT.

Kagenpa koMneloTepHO-HHTEIPHPOBAHBIX KOMITIEKCOB, HalmoHanbHbIN aBHAallMOHHBIA yHUBepcuTeT, Kues, Ykpauna.
Oobpa3zosanue: Kuesckuii rocynapcteennblit yausepeutet umenu T. I'. lleBuenko, Kues, Ykpaunna (1965).
Hamnpasnenue HaydHOH IESITENBHOCTH: €MKOCTHBIE NMpeo0pa3oBaTesii ¢ HEOJHOPOIHBIM JJIEKTPOMArHUTHBIM IIOJIEM,
E€MKOCTHBIE YCTPOMCTBA HM3MEPEHHs TI'€OMETPHYECKUX IapaMeTpoB MaJIOBBICOTHOTO TMOJIETa BO3IYIIHOTO CY/IHA,
UCIIONIb30BaHNE EMKOCTHBIX IpeoOpa3oBaTeeld B CUCTEMax aBTOMAaTHYECKOTO YNPABJICHHS MAJIOBBICOTHBIM IOJETOM
BO3JIyLITHOT'O CY/HA.
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