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DESIGN OF A NEURAL CONTROLLER FOR AN UNMANNED AERIAL
VEHICLE USING REINFORCEMENT LEARNING

A neural controller was designed for a multi-rotor unmanned aerial vehicle (UAV),
the machine learning of which was accomplished using reinforcement learning. A UAV
control system was designed in the Matlab Simulink environment, where a neural controller
was included. An analysis of the resulting system was carried out.

Keywords: unmanned aerial vehicle, control system, artificial intelligence, controller,
reinforcement learning.
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Mnpnun-dwuhwniywwnpubpp nwpét| Gu dp wnopjwjh wupwdwu dwup: Op oph
dadwunud £ npwug Yhpwnnigyniup wpryniuwpbpnigyw, Yeugwnh, pdoynipjut b w)| puw-
gwywnubpnwd: Nnpnn-dwuhwnijwwnpubiph dhtush wpunwnpuywu thnyht hwuubp wuhpw-
dbiownn £ Yuwwpb| npwug updniyywghnt dnnbih bwjuwgdnd b nunwduwuhpnud: Un tyw-
wwyny LabVIEW Robotics dhowywnpnid dowlyt k dpwgpwihtu hwybyws, npp huwpwyn-
pnyyniu £ wwihu' nuniduwuppbine wwppbp swiubph nnpnn-dwupwnywnnpubpp L
Nnpwug wafuwwnwupwiht mhpnypep:

Unwugpuypti pwnbp. nnpnn, nnpnuinwwnbfuuhyw, Yhubdwnplw, dwuhwnywwnnp,
LabVIEW:

Lbpwénipyniu: Mnpnunwohunieyniup qpwnynid | wju dbpbuwubph nwinud-
Uwuppniejwdp, npnup Yupnn Gu thnfuwphub] dwpnniu huswybu $hghlwlywu, wju-
wbu b pwuwywu gnpdnnnyeniuubp hpwlwuwgubint hwpgbpnd: Ybpohtu puwt
wmwphubiph pupwgpnd wpryntuwpbpnigjwt b mbntywwnywywu nbiuuninghw-
ubtiph Yupniy wép qupy wnybg nnpnunwohuntgjwtu qupgugdwup, W wjuop dbip
Ywupp wwwnlbpwgub] wnwug nnpnnubiph nwpdb b wuhuwn: LepYwynwdu nn-
pnwnutiph wbluuninghwlwu hwgbigwénye)niup pny| b wwihu thnfuwppub) dwpn-
Ywug wjuwhup nnpwnubpnd, huswhuhp Gu dwup wpryniwpbpnuegniup, dbpbuw-
ohunyeniup, wmhbgbpwquwgnyeniup b wyu: Upryniupnud unynpwywt £ nupéb;
wnbuub| nnpnwnubip, npnup oguwgnpdynid Gu nwygdwu W hnupwgdtiph ypw db-
ptiuwubph ubpydwu Yud unnpopjw b uinnpgbntjw dhowdwptipnud Ywnnygubiph
unnigdwt nt YGpwunpngdwt, ubujwlubiph dwppnipjwt hpwywuwgdwu Ywd
funhwungnud utunh Wwwpwuwmdwu hwdwp [1]:
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MNnpnnubiph wdktwwmwpwédjwd wnbuwlutphg Gu nnpnn-dwuhwniyjwunnp-
ubipp, npnup EGYunpnuwiht Yuwnwywpdwdp dejuwuhqdubp BU' bwuwnbudws
dwpnnt &bnph swpdndubpp W gnpdwnnyrutpp YnpYuophuwlybint hwdwp: Nnpnwn-
dwupwniywwnpubpp pwnyugwsd tu defuwuhlwywu, biEYunpwywu b dpwgpwhu
pwnuwnphsutinhg, W wnlw fuunhputiphg Gu hwdwpynud wyu pbip punwnphgubinh
hwdwuwntinnwp b wdpnnowwu hwdwlwnpgh Jywynwip: Mnpnn-dwuhwntjwwnnp-
ubpp dwdwuwyh pupwgpnud hptiug Jwju Yhpwnnyeniuu Gu gunbip wywnndnphjw-
ohunipjwl, gjninuunuwnbuniewu, 2htuwpwpniejwu, whbgbpwuwybph Yunnigdwu
ninpunubpnud W wpryniuwpbpniejwu dby:

Mnpnun-dwupwniwwnnphubph Yunnigwédph nwuniduwuppnyeyni: Mn-
pnn-dwuhwniywwnnpubiph hpduwlwu pwnwnphsubpu Bu' defuwupyulwu hwdw-
Ywpap, 2wpdwpbpubpp, Yunwjwpdwu hwdwwpgp b wnghsubipp:

LY. 1-nud pipdwd £ nnpnuin-dwuhwnijwwnnph $niuyghnuw) ufubidwu: Owb-
pwwnph Ynndhg hwdwlwpght £ npynd dwupwniywwnnph wnwownpwupp, puwn
nph uwnwywpdwu hwdwluwpgp (4€) dawynd W hnfuwugnd £ nbGlwywpdwu
wqnwuowup swdwpbpubphu, npnug wdpwgywsé E dwupwnijwwnnph dbfuwup-
Ywhwt hwdwlhwngp: Syphsutinh dhongny gpwiugynud £ dwuhwnyjwwnph nhppp
U uuwih quwhwwndwu hwdwp hbnwnwpsé uwwny thnfuwugynd Yunwywpdwu
hwdwlwnpghu [2,3]:

Ubfuwthywlw

hwdwywpg
W [ Sunduptn [

Unwownpwup

Sups

UY. 1. Mnpnp-dwihwniyuignph niblyghnbiwy upubidwt

Uwuhwniywwnph Yhubdwwmplu: Swpwdniejuu dby dwuhwntyjwwnph
Ywnwywpnudu pun nhpph hpwwuwgubint hwdwp wuhpwdtown & hwoyh wnub)
npw Yphubdwwhlwu: Hw hpduwlwt vywwwlyu £ uupwgpb dbfuwuhqdp
owpdnup' hwoyh swnubiny upw ypw wgnnn nidbip ne ywnndwu dndBunubpp,
npnup bwwuwnnud Gu owpddwup: Ubkuwuphqdubiph owpddwu hwdwp Yhpwnyned
Gu ypubdwwplwih ninpn L hwlwnwnpéd fuunhpubph nWdwu  dbpnnubpp:
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YhubGdwwhYwih ninphn futnph nbwpnw twywwnwyu £ unwuw) defluwuhqdh yepohtu
onwyh Ynnpnhuwwnubpp' dGfuwuhquh onwlubph hwjnup hwunwwn Bpypw-
swithwywu ywpwdbnpbph W punhwupwgywd Ynnpnhuwnubpph nbwpnid: <wlw-
nwpd Yhubdwnhlwjh nbwpnd hhduwywu tywwnwyu £ 4tipoht onwyh twfuw-
wbu hwjinuh swpddwu opbuph nbwpnwd npnyb| dGfuwuphqih punhwupwgyws
Ywnpnhuwwnubiph gwupddwu optupubipp:

TYhwwnpybind uy. 2-nwd pbipdwd dwupwniwwnph Yhubidwnpy onewu b
wpniEyubind A Yewp XY wnwugpubph Jpw b punniubing O Ybwp' npwbu
uygpuwytin, Yunwuwup A Yanh Ynnpnhuwwnutpp’

x, = lycos(6,), (1)
y1 = lysin(6,): )

B Ytwp Ynnpnhuwwutpp hwodupybine wpnyniupnd  uygpuwybicn |
nwnunw A Ytuwp, huy B Ytwnh Ynnpnhuwunubpp A Ybnp tlwndwdp unwgynid
tu hbnlyw) Yepw'

X, = ly,cos(0; + 6,), (3)
v, = l,sin(6; + 6,): (4)

Upryntupnud B Ybwnh Ynnpnhtuwwnubpp O Yewnh ulundwdp Ynpnoybu'

X, = X1 + %, =lcos(0;) + l,cos(0; + 6,), (5)
yz == yl + yz = llsln(el) + IZSlTl(Ql + 92): (6)
A s
,” B(x2,¥2)

5)’2

0(0,0)

\4

A X2 B;(xz'o)

UYy. 2. Gphhnnwih nnpnu - dwbhwynywpnph hbGdwiphulwl pnpuwt
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YphuGdwwnhYwih hwwnwpé fuunpp (ddwu hwdwp wuhpwdbon £ nhnwp-
Yt Jwuhwnrywwnnph wouwwmwupwihu twpwdpp, npp pEpdws £ uy. 3-nw: dbp-
(nétny uy. 3-nuw ppdwé Jwuhwnijwwnnph wfuwwnwupwihu whpnyep, Yupnn
Gup wubi|, np dwuhwniywwnnpp Ytipght onwyh wdbuwhbnnt nhppp (LY. 3-h a
ytwp) Ynnpnhuwwnwiht wnwugph uygptwlybnhg vwhdwuwthwyynd £ 4 + 1,
ownwynny 2powtwgdny, huly wdkuwdnwn nhppp' I — L, swnwynny 2powtwgdny
(uy.3-p b Ytwnp): LY. 3-nuwd pbpqwsd ¢ Ybnp dbfuwuhquiph hwdwp hwuwubih £ W
gunuynid £ wotuwnmwupwiht uwhdwunwd, uwfwju Yunbih £ uywwnb), np win nbw-
pnud dGfuwuhquu nwwh 2 huwpwynp nnud: Uuwhuny, hwwnwnpéd Yhubdwmnp-
Yuyh fuunhpp, Ywiujws dwuhwnywnnph gwtwih nhpphg, Yupnn b niutuw] wnw-
ytwagnyup 2 |ndnud:

LY. 3. Eplhnnwih nnpnip-dwbhwynyywippnph wppuwpnwbipughti (nhpnyep

Mynipwagnpwup pEnptdhg Ywpnn Gup unwtw] Ynnpnhtwwwihu uygpuw-
Ytwnhg Ybtpohu onwyh hinwynpniegyniup’

r=\Z+y, )
huYy Ynuhunwubiph pbnpbdhg Yunnwgyh hbnlyw| hwjwuwpnidp'
r2=12+15—2"1l,cos(180° — 6,): (8)
(8) pwuwalipg Yupbh £ unwuwl Gpypnpn hnnh yunndwu wuyndp’

2.2_..2
6, = 180° — cos™! (M) (9)

2041,

Unwohtu hnnh wwwndwu wulniup unwtwint hwdwp Ynuhunwubiph ptin-
nbdp Yhpwnbup y wulwu hwdwp'
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-15+12
2111'

cos(y) = (10)

Yhuwpybin 0BB’ tinwulyniupu’ junwuwp.
tan(6, —y) = 2z, (11)
X2

Stnwnptiny (10) pwuwaslp (1) pwuwdslh b Yunwuwup wnwoht hnnh
wulyniup’

_ _ _ lZ_lz 2
6, =tan 122 4 y = tan"1 22 4 cos 1(¢): (12)
X2 Xy 2L

Uwupwynigywwinpph updnigyughnt dnnbh dowynuwip LabVIEW Spwgpwjht
dhowywypnud. LabVIEW-U gpwbhlwlywu dpwgpwynpdwu dhowydwip &, npu og-
wnwgnpdynwd £ wyunndwwnwgwsd hwdwlwnpgbph dowlydwu, hGunwgnunnyejw,
swithnwubiph wyjwiutiph yepnodnigywu b yunwywpdwu hwdwp: LabVIEW Robotics
thwptph dhongny dowlyyti £ nnpnin-dwuhwniywwinnpp updnijwghnu dnnbip (uy.4),
npp huwpwynpnieiniu b wvwihu, dnunpwgpbiny nnpnuinp Gpypwswihwywu swih-
ubipp, Jwuwwpb| npw uhdnyughwu b unwuw] wouwwnwupwihu tnhpnypep:

Plot0 N |
4, Theta 1 Thets 2
180- xao-|
150- 100~
100- on
0z ~100-
> 0 180~

<16 -14 -12 <10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16
Time

Uly. 4. Mmpnip-dwbihumiyuipnph wphiwgpwbipught inhpnypph hwzdwnlh dpwgph
wpywipht ybupp
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LabVIEW Robotics thwebeh dhongny dowlyt| £ nnpnn- dwuhwntyjwwnnph
uphdniywghnu dnnbip (uYy.4), npp huwpwynpnieniu £ wwihu, dnunpwagpbing nn-
pninh Gpypwswihwlwu swihubipp, Yuwunwpbp npw updnyjughwt bW unwuw| wy-
fuwwmwupwjhu whpnypep: Spwaph wpwnwpht Juhwuwyp pwdwudwsd & 4 dwuh:
1-hu hwndwdnd wpunwwwwnybpdnd  nnpninp dnnbip, 2-pn hwundwénd' dwup-
wntjwwnph ybipght onwyh Ynnpnhuwwmubpp W hnnbiph wulniuutipp, 3-pn hwwn-
Jwénid' woluwwnwupwihtu whpnypep, huy 4-pn nud' nnpninp dnunpuwht wwpw-
dbwnpbpp:

LY. 5-nd pbpdwd £ nnpnun-dwupwnywwnph dpwghpp'  dowywd
LabVIEW dpwgpwjht dhowywjpned:

UYy. 5. Mpnip-dwbhwyniyywiypinpp Spwghpp

Gqpwlwgnipjniu: Hhuwpyyb| Gu nnpnn-dwuhwnyjwnnpubph Yhpwndwu
puwgwywnubipp, wpnh futnhpubipp bW unwjwpdwt dwdwuwlwyhg dbpnnutipp:
Nwnuwuwuppbiny dwuhwnywwnph Yhubdwnpluu' (nsyt) Bu ninpn b hwlwnwpa
YhubdwuwnhYwjh fuunhpubipp: LabVIEW Robotics gpw$hlwlwu dpwgpwynpdwt dp-
swywnpnid Ywwnwpyby Gu nnpnuin-dwuphwniywwnnpp dnnbjwynpnd b wofuwnwu-
pwjhu tnwpwdph nwnuwuhpnid:
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3.I'. XAHAMMWPSH, EM. TEPTEPSIH

MOJIEJIMPOBAHUE POBOTA-MAHUITYJIATOPA B IPOT'PAMMHOM
CPEJE LABVIEW

PoOOTEI-MaHUITYIITOPEI CTANI HEOTHEMIIEMOW YacThIO HALIeH ITOBCEIHEBHOM JKU3HHL.
C KaXIpIM JTHEM PACTET UX MPHUMEHEHUE B NPOMBIIIICHHOCTH, OBITY, MEAULIMHE U IPYTUX
cdepax. Jlo Npor3BOJICTBEHHOIO 3Tara poOOTOB-MaHHITYJISITOPOB HEOOXOANMO pa3paboTaTh
1 M3Yy4YUTh UX CUMYJIIIMOHHYIO Mogeinb. [loatomy B cpene LabVIEW Robotics 6su10 pas-
paboTaHo MporpaMMHOE HPHIIOKEHNE, KOTOPOE MO3BOJIAET MU3ydaTh pOOOTHI-MaHHITYJISITOPBI
Pa3HBIX Pa3MepoB U ux padouee IPOCTPAHCTBO.

Knrwouesvie cnosa: pobot, poOOTOTEXHUKA, KHHEMATHKa, MaHumysitop, LabVIEW.

7.G. KHANAMIRYAN, EXM. TERTERYAN

SIMULATION OF A ROBOT MANIPULATOR IN THE LABVIEW
SOFTWARE ENVIRONMENT

Robot manipulators have become an integral part of our daily life. Their use in
industry, everyday life, medicine, and other fields is growing every day. Before the
production stage of robot manipulators, it is necessary to develop and study their simulation
model. Therefore, a software application has been developed in the LabVIEW Robotics
environment which allows to study robot manipulators of different sizes, and their
workspace.

Keywords: robot, robotics, kinematics, manipulator, LabVIEW.
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K.H. NIKOGHOSYAN, T.B. KHACHATRYAN, E.A. HARUTYUNYAN,
D.M. GALSTYAN

EVALUATING OPEN-SOURCE IMAGE CAPTIONING MODELS WITH
MULTIPLE METRICS ON THE IAPR TC-12 DATASET

In recent years, the development of image captioning Al models has been a focal
point in the fields of computer vision and natural language processing (NLP). The paper
presents a thorough comparative analysis of several state-of-the-art image captioning Al
models, employing a diverse array of evaluation metrics, including CIDEr-D, BLEU-4,
METEOR, ROUGE-L, SPICE, and Wu-Palmer similarity. The study is centered on the
evaluation of image captioning models using the IAPR TC-12 dataset, a well-established
benchmark for assessing visual content understanding. By leveraging multiple evaluation
metrics, it was possible to gain a multifaceted understanding of the models' performance,
encompassing both syntactic and semantic dimensions of generated captions. Comparative
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