CTAHOBMUIIE

OT JIOLIEeHT J-p uHX. Becenka Tomoposa CtosiHOBa

ot ®Pakynret ,,Aprunepus, [IBO u KUC*
npu Hanmonanen Boenen Yuusepcurer ,,Bacun JleBcku®,

Ha IUCEPTALMOHHUS TPyl HA MarucTbp uHxeHep Baaanciaas Muiikos I'eHos,
Ha TeMa ,,IHTerpupana HAaBUralMOHHA CHCTEMA 32 YIIpaBJIeHHe HA
0€e3NMUJIOTHH JIETATEJIHH allapaTH C U3M0JI3BAHEe HA M3KYCTBEH MHTEJIEeKT ,
IpPEeICTaBEH 3a NpHUI00MBaHe HAa oOpa3oBaTeaHaTa U Hay4yHa CTeneH ,,J[okTop”
0 JOKTOPCKa Iporpama ,,ABTOMaTu3upaHu cucTeMu 3a o0paboTka Ha
uHpopMalus U yIpaBieHue™, o npoheCuOHATHO HAaIIPaBJICHUE
5.3 KoMyHUKallMOHHA U KOMITIOThPHA TEXHUKA,
o0nacT Ha BHUcIIe oOpa3oBaHue 5. TeXHUUECKU HAYKU

1. AKTYaJIHOCT ¥ 3HAYMMOCT Ha pa3padO0TBaHUs HAY4YeH MPolJieM.

AKTyaJTHOCTTa Ha IPEICTABEHUS MU 34 CTAHOBHILIE JUCEPTALMOHEH TPY/ €
HECbMHEHAa W TMpOM3TUYAa OT MHOBATHBHUAT pPAacTeX HAa CbhBPEMEHHUTE
TE€XHOJIOTUU, KOUTO MOCTABAT HOBU MPEIU3BUKATEIICTBA IPE]l Bb3MOKHOCTHUTE 32
ynpaBieHueTo Ha Oe3nuioTHu JjeratenHu amnapatu (BJIA) ¢ usnon3Bane Ha
U3KYyCTBEH MHTENEKT. Temata € npsSKO CBbp3aHa C aBTOHOMHOCTTa W
Oe3omacHocTTa MpH ekcruloaTanusta Ha BJIA, karo ce Lenu moBHIlaBaHE Ha
TOYHOCTTA U YCTOMYMBOCTTA Ha MHTETpUpaHaTa HaBurauus npu bJIA B pexunmu
Ha HeJIMHEWHa NUHAMMKA, HECTallMOHAPHU IIYMOBE M Jerpagalii/peKbCBAHMS
Ha rino0OanmHaTa HaBuranuonHa cnbTHHKOBA cuctema (GNSS, Global Navigation
Satellite System).

OTnenHuTe CTPYKTYPHU €JIEMEHTH Ha JIMCEPTAlMOHHUS TPy ca
pa3paboTeHH B JIOTMYECKA MOCIEA0BATEIHOCT, C HEOOX0AMMaTa aHAJIMTUYHOCT,
Ipoy4BaHe Ha JOOpPUTE MPAKTUKU M €KCIEPUMEHTAIHO TECTBaHA B Cpejaara Ha
MATLAB/Simulink.

JIOKTOpaHTBT € pa3paboTHIl AUCEPTALMOHHUS TPYA CIOpPE] YTBBPACHUTE

CTaHOapTH. Temara MYy CBOTBCTCTBA HAa CBABPIKAHUCTO. HeﬂTa N 3aJa4YUTC Ca



SICHO (hOpMyJIHpaHu, TOCIIEAOBATEIHO ca peaTu3upaHu upe3 0030p Ha MOIXOAUTE
3a MHTETPHpPAaHAa HABHUTAIIMA W W3MOJI3BaHE METOJUTE HA M3KYCTBEH WHTEJICKT,
npoektupad € moaen B MATLAB/Simulink u e peanu3upana ekcriepuMeHTaIHA
NPOBEpPKa B pa3iMYHU CIICHAPUHU, YMECTHH 3a peaiiHa ekcrutoaranus Ha BJIA.
[IpennoxkeHa € KOHIENTyaJlHAa apXWTEKTypa Ha HWHTETpHpaHa HaBUTAIIMOHHA
CHUCTeMa, WU3rpajieHa BBpPXY INPUHIMIA HAa KOMOMHHpaHE Ha KIIACHYCCKH
anropuTMu 3a (UIATPUPAHE M OICHABAaHE HA CHCTOSHHETO C METOAW Ha

HU3KYCTBCHHA MHTCIICKT 3a HEJIMHEHHO MOJCINPAHC HA JHUHAMHWKATA.

2. OneHKa HA HAYYHHTE Pe3yJITATH U IPUHOCUTE HA JUCEPTAIUOHHUS
TpyA.

JlucepTauOHHUAT TPy € JOTHYECKU CTPYKTYPUPAH U METOAOJIOTHUYHO
OpraHu3MpaH, C OTYCTIMB HAYYHO-NPUIIOKEH MpUHOC B obOnactra Ha Al-
ITOJCUJIEHOTO HABUTAIMOHHO OLEHsBaHeE 3a bJIA, ¢ KOIMYeCTBEHN pe3yJITaTH B
KPUTUYHU PEKUMHU Ha padora. [(ucepTallMOHHHUAT TPYJ HOCHU TEOPETHKO-
IIPUJIOKEH XapaKTep.

Pazpaboten e xubpunen anropurbm Ha LSTM-KF, ipu kotito Long Short-
Term Memory (LSTM) mozen nojamnoMara nporHo3Hara ctbiika Ha KanmanoBata
paMKa, U € U3rpaZicHa eKCIEpUMEHTAlIHA CUMYJIAIMOHHA CPeJla 3a MPOBEPKA.

ExcrniepuMeHTanHaTa 4acT BKJIIOUBA YETHPHU SICHO A€PUHUPAHU CLIEHAPHSL:
npu HopMaHu ycnoBus, pu 3ary6a Ha GNSS/DR (dead reckoning), npu cuiHO
HEJIMHEeHA JIWHAMUKAa W TPU BHUCOK IIYM/HECUTYPHOCT Ha HW3MEpPBAHUSTA.
KonnyecTBeHUAT aHaNM3 U3M0J13Ba HIECTKOMIIOHEHTEH BEKTOP Ha ChCTOSHUETO,
KOWTO BKJIIOYBA AarperupaHara oOILEHKA Ha TOYHOCTTA, W3YUCIEHA 4pe3
kBagpatnyHo ycpeansBaHe (Combined RMS) na komnonentHuTe Root Mean
Square Error (RMSE).

[Ipennoxxen e cpapautenen ananu3 Ha Kalman Filter (KF), Artificial
Neural Network (ANN) u Reinforcement Learning (RL) moaxoau npu HaBuraus
Ha bBJIA. Ilpuemam QopMynupaHuTe OT JOKTOpaHTAa HAyYHO-TIPUIIOKHU H
MPUIIOKHU MPUHOCH.

Huceprantst, Braaucnas ['eHOB, mpenocTaBst YeTUPH CBOW MyOJIMKAIINH,
OJIM3KHM 10 TeMaTa Ha IUCEePTalMOHHUS TpyA. BcuukuTe ca mpencraBeHu Ha eIUH
U ChII Hay4eH (opyM, HO Mpe3 pa3iuyHa ronuHa. He Mu € u3BecTHO pe3yiTaTh

OT M3CJIEABAHETO B IMCEPTALIMOHHUS TPy Ja ca LIMTUPAHU OT APYTH aBTOopu. B



X0Jla Ha PELEH3UPAHETO HE ca MOCTHIWIM M HE ChbM YCTAaHOBHWJIA CIy4aW Ha
MJIarMaTCTRO.
Cuntam, ye pa3paOOTEHUST HAayueH TPy € U3ISI0 3aciayra Ha AUCepTaHTa

H € aTcCTar 3a HpO(beCHOHaJII/IB’I)M, IMTO3HAHUA U IIOTCHIUAJ 3a HAYYHaA pa60Ta.

3. Kpurtuunm 0es1e:KKu.

JluteparypHaTa OCBEJOMEHOCT M KOMIIETEHTHOCT Ha BCEKH aBTOp Ha
JaJIeHO W3CleABaHEe ce€ TMOAKpPENs OT Oposi Ha H3MOJI3BAHUTE JIMTEPATYpPHHU,
HOPMATHBHU, WHTEPHET W3TOYHHUIIM HA KUpWIWNA W JaruHuia. Caurtam, dYe
JOKTOpaHTa € TpsiOBao Ja MOJOKM MAJIKO MOBEYE yCHIIUS MO OTHOIICHUE Ha
pedepeHuuTe, KaTo Mo TO3M HAYMH OM MOT'BJI MO-331BJI00YEHO Ja Ce MO30BE U
CUCTEMAaTU3Hpa CHIIECTBYBAIIUTE MHEHHUS, JOOPU MPAKTUKU U UYXJ OMUT IO
Hay4HHSI POOJIEM.

Beuuku pesynraru ca B cumynannonHa cpefa u LSTM e o0yuen Ha 6aza
CUHTETUYHHU JAaHHU OT ChUIMS Mojen. ToBa € MpUEeMIIMBO, HO € >KenareiaHa
IIpOBEpKa C peasiHy MOJIETHU JIaHHU WM MOHE TECTOBE BHPXY CIIEHAPUU, KOUTO
HEe yuyacTBar B 00ydyeHueTo. Hanmuie e peakiimoHHa HENmocClieI0BaTeIHOCT, Thil
KaTo B 00001IeHHeTO Ha cTp.152 ce cmomMeHaBa 3a ,,lI0-HUCKU OPUEHTAIIMOHHU
rpemku®, 6e3 OpueHTaIusITa Ja € IPEAMET Ha KOJIMYECTBEH aHAJIN3 U € BKIIIOYCHA
KaTo OrpaHUYCHHE B HAYAIHUTE YCIOBHS U Aommyckanus (ctp.10).

[IpenopbuBaM ga ce MOPOABIKM paboTa B Ta3M HACOKa, KaKTO U
pesynaTature aa ce myonukyBart Ha hopymu ¢ ImnakT ¢aktop, KOeTo 1ie mogo0pu
BHJIMMOCTTA Ha IUCEPTAaHTa B HAYYHUTE CPEIH.

[TocouenunTe OGee) KM 1O HUKAKbB HAYMH HE TTOCTABSAT 10T CbMHCHHUE U HE
OMaJIOBa)KaBaT MOJyUYECHUTE PE3ydTaTH B AUCEPTAIIMOHHUS TPYHA, & €AUHCTBEHO

HMart 3a LeJ1 Ja oAIIoOMOoraart HOI[O6p$IBaHeTO 6T>,Z[GIHaTa I[GI?IHOCT Ha aBTOpa.

4. 3aKJI09eHHe

JlucepTaliiOHHUAT TPYO, aBTOpedeparsbT W MyOJHMKAIUUTE KBM THX,
ChABPKAT OCHOBHHUTE MPOOJIEMU W HAYMHUTE 3a TAXHOTO pelIeHue, II0
pa3paboTBaHaTa OT JOKTOpaHTa TeMa. /lajlieHa e mbJiHa MpejcTaBa 3a Hay4yHaTa
CTOMHOCT Y MPAKTUYECKATa MPUIIOKUMOCT Ha MOCTUTHATUTE HAYYHO-ITPUIIOKHH
pe3yJiTaTd M MPUJIOKHU MPUHOCH, KOETO MOAKPEIs HAay4YHOM3CIEq0BaTeICcKaTa
te3a. IlpencraBeHata unHdopMalus 3a MyOJUKAIMUTE [0 JUCEPTAIUATA H

CKBUBAJICHTHUAT UM 6p0${ TOYKH CBIJIACHO TOYKOBaTa CHUCTEMA HaA HpaBI/IHHI/IKa
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3a IIpUJIaraHc Ha 3aKoHa 3a Pa3BUTHC HAa AKAACMUYHHUA CHCTAB B PGHY6JII/IKa

B’bJIFapI/IH, HU3IIBbJIHABAT MUHUMAJIHHUTC HAIMOHAJTHHU N3 CKBAaHMA.

5. OueHka Ha JUCEPTAUOHHUSA TPYA.

Ha ocHOBaHME TOpPEONMHMCAHOTO IO W3CJICABAaHUS HAaydeH MOpodieM B
IUCEPTAllMOHHUS TpyJd Ha UWHX. Bmaagucnas MunkoB ['eHoB  Ha
Tema: ,,MHTerpupana HaBUTrallMOHHA CHCTeMa 3a YyHOpaBJeHHe Ha
0€3NMUIOTHH JIETATEJIHU ANAPATH C U3M0JI3BAHE HA U3KYCTBEH MHTEJIEKT",
MpUTEKaBa KayecTBaTa Ha HAMBJIHO 3aBBPIUICH HAYYHO-NPUIIOKEH TPy IO
aKTyajHa npoOJieMaTHKa.

JlaBaM moJIo)KUTEIHA OILICHKa Ha (OPMYJIMPAHUTE B HEr0 HAy4YHO-
MPUJIOKHHU U MPUIIOKHU NPUHOCK. CunTaM, 4e JUCEPTALMOHHUAT TPY1 OTroBaps
HanbiHO Ha 3PAC B PenyOmmka bbarapus u IlpaBuiHuka 3a HEroBOTO
MpujaraHe.

N3pazsaBaiiku OJIOKUTETHO CTAHOBUIIE 32 MPEICTABEHUS TUCEPTALIUOHEH
TPy 1 aBTOpedepar KbM HET0, KMaM OCHOBAHHME JIa TIPEJIOXKaA J1a CE MPUCHIN Ha
uHxk. Baaauciaas MuiikoB I'eHoB oOpa3oBareliHa U Hay4dHa cTeneH ,,JlokTop*
Mo JOKTOpCKa Tmporpama: ,, ABTOMAaTH3WpaHd CHUCTEMHU 3a oO0paboTka Ha
uHpopmanuss ©  ympaBieHUE, B MNpPOPECHOHAIHO HampaBieHue 5.3.
,,KOMYHHKaIIMOHHA U KOMITIOThpPHA TEXHHUKA , 00JaCT Ha BUCIIETO 0Opa30BaHUE

5. TexHnyecku HayKu.

17.02.2026 r. UeH Ha KypuTO:
rp. lllymen [, /

(3s8aHue, nodnuc, pamunus)



OPINION
by assoc. prof. eng. Veselka Stoyanova, PhD,

at Faculty of ,,Artillery, Air Defense and Communication and Information
Systems” — city of Shumen, the National Military University ,,Vasil Levski”

of the doctoral dissertation of Master engineer Vladislav Milkov Genoff,
on the topic ,,Integrated navigation system for control of unmanned aerial
vehicles using artificial intelligence”

submitted for the award of the educational and scientific degree of ,,Doctor of
Philosophy-PhD)” in the doctoral program ,,Automated Information Processing

and Control Systems”, within the professional field 5.3 ,,Communication and

Computer Engineering”, in the field of higher education 5. ,,Technical
Sciences”.

1. Actuality and significance of the developed scientific problem.

The relevance of the dissertation presented for my opinion is undoubted and
stems from the innovative growth of modern technology, which pose new
challenges to opportunities for the control of unmanned aerial vehicles (UAVs)
using artificial intelligence.

The topic is directly related to the autonomy and safety of UAV operation,
aiming to improve the accuracy and stability of integrated navigation in UAVs in
modes of nonlinear dynamics, non-stationary noise, and degradation/interruptions
of the global navigation satellite system (GNSS).

The individual structural elements of the dissertation are developed in a
logical sequence, with the necessary analytical approach, study of good practices,
and experimentally tested in the environment of MATLAB/Simulink.

The doctoral student has developed the dissertation in accordance with
established standards. Its topic corresponds to its content. The goal and tasks are
clearly formulated and consistently implemented through a review of integrated

navigation approaches and the use of artificial intelligence methods, a model has
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been designed in MATLAB/Simulink and experimental testing has been carried
out in various scenarios relevant to the actual operation of UAVs. A conceptual
architecture of an integrated navigation system has been proposed, based on the
principle of combining classical algorithms for filtering and state estimation with

artificial intelligence methods for nonlinear modeling of dynamics.

2. Evaluation of the scientific results and contributions of the
dissertation work.

The dissertation is logically structured and methodologically organized,
with a distinct scientific and applied contribution in the field of Al-enhanced
navigation assessment for UAVs, with quantitative results in critical operating
modes. The dissertation is theoretical and applied in nature.

A hybrid LSTM-KF algorithm has been developed, in which the Long
Short-Term Memory (LSTM) model supports the forecasting step of the Kalman
frame, and an experimental simulation environment has been built for
verification.

The experimental part includes four clearly defined scenarios: under normal
conditions, with loss of GNSS/DR (dead reckoning), with highly nonlinear
dynamics, and with high noise/measurement uncertainty. The quantitative
analysis uses a six-component state vector, which includes the aggregated
accuracy estimate calculated by quadratic averaging (Combined RMS) of the
component Root Mean Square Error (RMSEs).

A comparative analysis of Kalman Filter (KF), Artificial Neural Network
(ANN) and Reinforcement Learning (RL) approaches in UAV navigation is
proposed. I accept the scientific-applied and applied contributions formulated by
the doctoral student.

The doctoral candidate, Vladislav Genov, provides four of his publications
related to the topic of the dissertation. All of them were presented at the same
scientific forum, but in different years. I am not aware of any results from the
research in the dissertation being cited by other authors. During the review
process, no cases of plagiarism were reported or identified.

I believe that the scientific work developed is entirely the merit of the
doctoral candidate and is a testament to his professionalism, knowledge, and

potential for scientific work.



3. Remarks and recommendation on the dissertation.

The literary awareness and competence of each author of a given study is
supported by the number of literary, normative, and Internet sources in Cyrillic
and Latin script used. I believe that the doctoral student should have put a little
more effort into the references, as this would have allowed him to refer more
thoroughly to existing systematic opinions, good practices, and foreign
experience on the scientific problem.

All results are in a simulation environment, and LSTM 1is trained on
synthetic data from the same model. This is acceptable, but verification with real
flight data or at least tests on scenarios not included in the training is desirable.
There is an editorial inconsistency, as the summary on p. 152 mentions "lower
orientation errors" without orientation being subject to quantitative analysis and
included as a constraint in the initial conditions and assumptions (p. 10).

I recommend continuing work in this direction and publishing the results in
forums with an impact factor, which will improve the visibility of the dissertation
author in scientific circles.

The above comments in no way cast doubt on or diminish the results
obtained in the dissertation, but are solely intended to assist in improving the

author's future work.

4. Conclusion.

The dissertation, the abstract, and the publications related to them contain
the main problems and ways to solve them, based on the topic developed by the
doctoral student. A complete picture of the scientific value and practical
applicability of the scientific and applied results and applied contributions
achieved is provided, which supports the research thesis.

The information presented on the publications related to the dissertation
and their equivalent number of points according to the point system of the
Regulations for the Implementation of the Law on the Development of Academic

Staff in the Republic of Bulgaria meet the minimum national requirements.



5. Evaluation of the dissertation work.

Based on the above of the researched scientific problem in the dissertation
of eng. Vladislav Milkov Genoff on the topic: ,,Integrated navigation system
for control of unmanned aerial vehicles using artificial intelligence®,
possesses the qualities of a fully completed scientific-applied work on current
issues.

I give a positive assessment of the scientific-applied and applied
contributions formulated in it. I consider that the dissertation complies with the
requirements of the Law on the Development of Academic Staff in the Republic
of Bulgaria.

Expressing a positive opinion on the submitted dissertation and its abstract,
[ have reason to propose to the esteemed to award eng. Vladislav Milkov Genoff,
the educational and scientific degree ,,Doctor of the doctoral program:
»Automated systems for information processing and management of

Professional field: 5.3. ,,Communication and Computer Technology .

17.02.2026 r. Compiled by:
City of Shumen /assoc. prof. eng. Veselka Stoyanova, PhD/



