CTAHOBMUIIE

oT aoueHT A-p Banentun ToneB AtaHacos,

Kareapa ,,KOMyHMKallMOHHAa M KOMIIIOTBPHA TEXHMKA W TEXHOJOTHM 34
curypHoct®, @akynaTeT Mo TEXHUYECKH HAayku npu lllymeHckum yHUBEpCHTET
»emrckon Koncrantus IIpecnaBcku®,

Ha JYMCEPTAlMOHHHMS TPYJ Ha MAarucThp MHKeHep Bnanucnas Munkos ['eHOB,

Ha Tema ,,JIHTerpupaHa HaBUrallMOHHA CHCTEMa 3a yIpaBJICHUE Ha OE3MUIOTHH
JIETATEIIHU allapaTy C U3I0JI3BAHE HA U3KYCTBEH UHTEJEKT ,

MPEICTABEH 3a NpUI00NBaHE Ha 0Opa3oBaTe/IHaTa U HayyHa CTEIEH ,,JJOKTOP 10
JOKTOpPCKa Mporpama ,,ABTOMaTU3UpaHU CUCTEMHU 32 00paboTKa Ha HHGOpMaIus
U ympamieHue®, mo npodecuoHanHo HampasieHue 5.3 KomyHHMKalMOHHA U
KOMITFOTBPHA TEXHUKA.

1. AKTYaJIHOCT M 3HAYMMOCT HAa pa3padOTBaHUs HAY4YeH NPodJIeM

JlucepTalluOHHUAT TPY/ € U3JI0KEH B YETUPH TJIaBH, IOMECTEHU B 00EM OT
202 crtpanuny, ¢ wuznoig3BaHu 22 Tabmunu, 34 ¢urypu u obocobeHu 2
NpWIOKEHUSI. BposiT Ha BBHIIHUTE JIMTEPATYpPHUTE W3TOYHUIIM MPEANOCTaBS
JIOCTUTAHETO Ha 3aJbJI00YEH aHAIWTHUYEH 0030p, KaTo OoT 95 M3TOYHWKa JBa
U3TOYHMKA ca Ha kupwimia. [ledhrHupana e 1men u 3a7a4i Ha TUCEPTAIMOHHHUS
Tpya. DopmMupanu ca KakTO U3BOJM KbM BCsIKa TJIaBa, Taka M OOIIHM TaKUBA.

Moxke nma ce yCTaHOBM HaJIMYMETO Ha W3CJIEIBaHMs B 00JacTTa,
oOxBamamia BBIPOCH C TMOJNPABSIHETO WIM 3arjylllaBaHETO Ha CUTHAJIA B
rii00anHaTa HaBUrallMOHHA CITBTHUKOBA CUCTEMa, KOUTO CUTHAJIU ca U3M0JI3BaHU
OT JIOKAJIHM HAaBUTALIMOHHU CUCTEMHU 3a YIIpaBJEHUE HA OC3MUIOTHU JIETATEIHU
amapaTd 4pe3 MaTeMaTH4ecKu MojJenu ¢ pasmupeH KaimanoB ¢uirsp,
Mpujaramiy MaluHHO WIH IbJIO0KO 00y4yeHue.

Ho TbpceHeTo Ha mo-epEeKTUBHH PEHIEHUS U MOJENHM ONpPeNessiT Ta3u
chepa KaTo KpUTHYHA ergo akTyanHa. KaTo BOAemo KiIo4yoBO 0OCTOSATEICTBO
MO3KeE J1a ce IpreMe Tpe/jlaraHeTo Ha HOB MOJIE B HACTOSIIUS TPy, 000CHOBaH
C apXUTEKTypa Ha HEBPOHHA Mpexka C IBJITOCPOYHA W KPATKOCPOYHA TaMET
(LSTM), npenHa3HaueHa 3a MOJICJIMPaHE HA TMHAMUYHU BpeMEBHU Ipoiiec. To3u
MOIXO/ MPEANOCTaBsl KaKTO TEOPETHUYHM, TaKa M TPAKTUYECKU CHOOpaKeHUs,
SBSIBAIIY C€ KPUTUYHH MPU PeaTM3UPaHe HA HABUTAIIMOHHU 3a]1a4H,

PasrnexmganusaT 1mOAXOA ~ WM3WCKBA  UW3TpaXIaHe HA  HUHTETPHUPAH
HABUTAITMOHEH MOJICT, P KOWTO JUHAMUYHHAT Mojiea Ha KamMaHoBus puiTsp
ce mapameTpusupa oT HeBpoHHA Mpeka ¢ LSTM, oOyueHa cbhC CEH30pHU JaHHU
U CUMYJIALIMOHHU TpaeKTOpuu. ToBa BOJU A0 YCTAHOBSIBAHE HA HEOIPEIEIEHOCT
Opy HUBATa Ha MOJIeNIa, KOUTO C€ MPEJCTaBAT Upe3 OlleHsABaHe (aganTaius) Ha
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HPOLIECHUS LIIYM, MIPSIKO BIUSECIIO BEPXY €(EeKTUBHOCTTA Ha TPEAIaraHus MOJIE.
Te3u aprymenTu oOyciaBsT JUICaTa Ha PEHICHHUA B Ta3u OOJIACT U U3BEXKIAT
XapaKTepUCTHKAa C BHCOKA CTENEH Ha aKTyaJHOCT MPHU PA3TICKIaHUS HaydeH
npoOsem.

TematnuHusT 00XBaT, BU3UPAH B 3arjlaBUETO HA IUCEPTALUOHHUS TPYH
CHOTBETCTBA Ha Pa3rbpHATOTO ChIbpPKAHHE.

2. OneHka Ha HAYYHHUTE Pe3yJITATH M IPHHOCHUTE HA JUCEPTALMOHHUS
TPYA.
B nuceprauMoHHMS TpyAd ca pasliieJaHd XapaKTEPUCTHKUTE Ha
pEeICTaBEHUS MOJEI U OJXO/] MPEACTABEHU MO-110JTY:
o [STM-6a3upan npeaukTop, reHeprpaill anpuopHa MporHo3a.
e Hurerpauus Ha KaamanoB ¢puntsp ¢ LSTM-06a3upan npeaukTop.

To3n Mozmen u MOAXOJ MOraT J1a ce IPUEMAT 32 HOBOCT B THPCEHETO HA
pelieHusl 3a CHW)XaBaHE BB3JACHCTBUETO NpPHU MOANPABSIHE HA CUTHAIM WIU
TEXHUTE CMYILECHHS B HABUTALIMOHHUTE CUCTEMHU 3a YIIpaBJIEHUE HA O€3MHIOTHU
JIETATEIIHU alapaTy 4pes:

e U3nonsanero Ha LSTM-6a3upan npeauKkTop, KOpeKTHO 3aMeCTBalIl
MPOLIECHUSI MOJIEIT B MIPOTHO3HATA CThIIKA Ha KanMaHnoBus GuiThp,
0e3 J1a ce HapylllaBa UTepaTUBHATA MYy PEKypCHBHA 3aBUCUMOCT T10
BpEME;

e KopekrHa unrerpanusa Ha Kanmanos guirsp ¢ oOydyaemara LSTM
MpeXa, 3aMEHSAWKM  KIIACHYECKHsS TIPOLECEH MOJEN  IIpH
W3UMCIICHUATA Ha HEJIMHEMHHUTE 3aBUCUMOCTH MEXIY MPEIXOTHUTE
CbCTOSIHMSI U BXOJIHUTE JaHHU. BceiencTBre M3Moa3BaHETO HA TO3HU
MOJIXOJI C€ OYAKBA ITOCTUTAHETO Ha!

O TO-TOYHA POTHO3HA CTOMHOCT HAa ChCTOSTHUETO;

O TMO-MaJKi OCTAaThUHH I'PEUIKH 3a KOPEKIIMOHHUS €TaIl Ha
KanvanoBust puitsp;

O TMO-HUCKA arperupaHa rpelka;

O TOo-cTaOuiIHa (GUIATpaIrs BbB BPEMETO.

Morat na 0b1aT 000011IEHN CIEHUTE JIBE KATETOPUM MPUHOCH:

Karo pazmmpsiBani o61actra OT TEOPETUUHHUTE 3HAHUSI B HAyKaTa MOXKeE J1a
ce Ipueme:

o CuHTe3upaH MOJEN Ha XUOpHWJIHA HABUTAI[MOHHA CHCTEMa 3a
unterpupana INS/GNSS naBuramuss Ha O€3MWIOTHU JIETATEITHU
amapaTu, Ipy KOSTO MPOLIECHUAT MOJIET B MIPOTHO3HATA CThIIKA HA
KanmanoBara cxeMa ce napaMmeTpusupa 4pe3 peKypeHTHa HEBpOHHA
Mpexa oT Tun LSTM.

Karo Hay4HO-npusI0)KHU MoraT J1a ObaaT 000c00eH! ClIeTHUTE MPUHOCH:



e Pa3paboTeH e cuMynalMoOHeH MO/Ie] B pa3BoiHATa IporpaMHa cpesia
MATLAB/Simulink Ha cuHTe3UpaHus TEOPETUICH MO

e (CbcTaBeHa € METOJIMKa 32 EKCIIEpMMEHTallHA OIICHKa Ha
cumynupanata xuopuaHa INS/GNSS HaBuranmoHHa apxuTeKTypa;

e @dopMHpaH U CUCTEMATU3UPAH € EMIIMPUYEH HA0Op C PE3YNTATH OT
MPOBENICH EKCIIEPUMEHT ChC CUMYJIAIMOHHUS MOJIET;

e (CncTaBeHa € METOAMKAa, Ha30BaBaHAa Karo pabOTeH TOTOK,
ONpeeNsIla €TauTe W XPOHOJIOrMATa 3a HW3rpaXKaaHe Ha
XUOPUAHNS HABUTAITMOHEH MOJIE.

3. Kputnunu 0es1ekKu
[Ipu npernena Ha NpeaCTaBEHUs TUCEPTALIMOHEH TPY/l HIMa OCHOBAHMS 32
CBILIECTBEHU KPUTUYHU OC€JEKKM C U3KIIOYEHHE Ha TPU ChI'BTCTBAILU
U3JI0’KEHUETO KaTEropuu OCNEkKKHU:
e Meroauuecka Oenexka - Crnopel ycTaHOBEHAaTa NpPAaKTHKA IPU
MH)XCHEPHOTO MPOEKTUPAHE O ClieABaNO KOHIENTyalIu3alusaTa 1a
NpeaxoX/a MOJEIUPAHETO, HO B TJlaBa TPETa Ta3W HH)KEHEpHa
XPOHOJIOTHS HE € CIa3eHa.
e Crunmuctuyna Oenexka — Ilpu wH3NON3BaHETO HAa TEpMHUHA
METO/I0JIOTHS CJIe/IBA J]a C€ OTYMTa HEropara adCTpaKTHa MPUPOJA,
HayyHa o0act, AepuHUpalia TeOpeTuyHa paMKa 3a U3rpaxaaHe Ha
JAZeHU METOAM, IOAXOAM WM IOXBaTH IPpU IMOCTUTAHETO Ha
nocraBeHa Len. lIpenopbunTenHO € B NPUIIOKEH aCIEKT Ja ce
U3I0JI3Ba TEPMUHBT METO/IUKA.
e (O0em Ha aBTOpedepata — Hanuunero Ha o6em npu aBTopedepara,
HaJBUIIABal] OOMIONPHUETHS, HE OKa3Ba OTPULATEIHO BIUSHUE
BBPXY OOLIMsSI JUCEPTALIMOHEH MTPOLIEC.

Ilpenopvku

Karo mnpenoppunTenHO JACHCTBME KBbM JUCEPTAHTA CE€ M3BEXKIA
pasrpbllaHeTO Ha MyOJMKAllMOHHA aKTUBHOCT B HAay4HU (OpyMHU M U3AAHUS C
BHCOK JIsi7T B HAyyHaTa 00JIacT.

Crnenpamiara mpenopbka, H3BEICHA B CEMAHTUYHO €3MKOBAa HACOKa,
MpEAIoJiara M3CieA0BaTENAT MMO-IIPABUIIHO J1a M3MO0JI3BAa H3LIO WHXKECHEPHU
TEPMUHU, IETEPMUHUPALIY KOHKPETHO HAITPABJICHUE MU MOAXO/I KATO HEBPOHHA
MpeXka C IBJITOCPOYHA M KpaTKOCpPOUYHA IMaMeT Win HeroBa abpeBuarypa LSTM,
BMECTO WJIMOMHU KaTO ,,M3KYCTBEH HHTEJEKT®, YUUTO KOPEHU HMAT IO-CKOPO
HEUHXCHEPEH XapakTep U Lenu. B 3arnaBHUTE 4acTU HA AUCEPTAUMOHHUS TPY.
UJIMOMBT ,,M3KYCTBEH UHTEJIEKT  C€ U3M0J3Ba 12 MbTH, OT KOUTO CAMO BEJHBXK B
ChABPIKATENICH pa3zeln, abpeBuarypara Al CbIllo caMo BEAHBX B ChABPIKATEICH
paszen, nokaro abpeBuarypara LSTM ce ynomenaBa 447 mbTd, OT KouTo 274
'bTU B ChIBPKATEIHU pa3nenu u 20 bTH B 3arjiaBHUTE yacTu. HacouBaneTo Ha



MUCJIOBHUS MPOIIEC MPU YETEHE B MHXKEHEpPHA KOHKpETHKa crocoOcTBa 3a Mo-
100pOTO pazdbupaHe Ha MpeAIaraHUTe MOJIEIH, aJITOPUTMHU U TIOJXOH.

4. 3aka0ueHnue

CuuraM, 4Ye TMPEACTABEHUAT 3a OIICHKA JAUCEPTAIMOHCH TPYyJ HMa
XapaKTEePUCTUKUTE Ha HaydHa paboTa, popMuparia coOCTBEH aBTOPCKU HAYUYEH
MIPUHOC, JIOMBJIHEH C HAYYHO-IIPUJIOKHH MPUHOCH B TPOOJIEeMHATa 00J1acT.

JlucepTaHThT OTroBaps Ha W3UCKBAaHWATA B 3aKOHA 3a pPa3BUTHE HA
aKaJIeMUYHUS ChCTAB, CIIA3BAKN MUHUMAITHUTE HAIIMOHAIHU U3MCKBAHWSI.

5. OneHka HA QIMCEPTANNOHHUSA TPYN

Ha ocHoBaTa Ha rOopHOTO, 00sIBIBaM CBOsITa 00Illa BUCOKA MOJIOKHUTEIIHA
OLICHKA W IpeJjiaram Ha JIOKTOpaHTa, MarucTbp WHXeHep BragucnaB Muikos
I'enoB, na Obae mpucBoeHa OOpa3oBaTelIHATA M HAay4yHa CTEMEH ,,JOKTOp' IO
JIOKTOPCKA MporpamMa ,,ABTOMaTU3UPaHu CUCTEMH 3a 00paboTKa Ha HH(OpMaIUs
u ynpasieHue", 1no npodecuoHanHo HamnpasieHue 5.3 KoMyHHMKalMOHHA H
KOMITIOThPHA TEXHUKA.

12.02.2026 ron. YieH HA XKYyPHUTO:
rp. lllymen /Hou. n-p B. Aranacos/



REVIEW

by Associate Professor Valentin Tonev Atanasov, PhD,

Department of Communication and Computer Engineering and Security
Technologies, Faculty of Technical Sciences at Konstantin Preslavsky University
of Shumen,

of the doctoral dissertation of Master engineer Vladislav Milkov Genoff,

entitled “Integrated navigation system for control of unmanned aerial vehicles
using Artificial Intelligence”,

submitted for the award of the educational and scientific degree of “Doctor” in
the doctoral program “Automated Information Processing and Control Systems,”
within the professional field 5.3 Communication and Computer Engineering.

1. Relevance and significance of the scientific research problem

The dissertation is structured into four chapters, presented in a total of 202
pages, including 22 tables, 34 figures, and 2 appendices.

The number of referenced sources ensures the development of an in-depth
analytical review; out of 95 references, two are in Cyrillic.

The aim and objectives of the dissertation are clearly defined. Conclusions
are formulated both at the end of each chapter and as general conclusions for the
work as a whole.

It is possible to identify existing research in the field covering issues related
to the spoofing or jamming of signals in the Global Navigation Satellite System,
where these signals are used by local navigation systems for the control of
unmanned aerial vehicles through mathematical models with an extended Kalman
filter, applying machine learning or deep learning.

However, the search for more efficient solutions and models defines this
field as critical ergo highly relevant. A leading key contribution of the present
work may be considered the proposal of a new model based on a Long Short-
Term Memory (LSTM) neural network architecture, designed for modeling
dynamic time-dependent processes.

This approach involves both theoretical and practical considerations that
are critical in the implementation of navigation tasks,

The approach under consideration requires the construction of an integrated
navigation model, in which the dynamic model of the Kalman filter is
parameterized by an LSTM neural network trained with sensor data and simulated
trajectories. This leads to the presence of uncertainty at the model levels, which
is represented through the estimation (adaptation) of the process noise, directly
affecting the efficiency of the proposed model.

1



These arguments underscore the lack of existing solutions in this area and
highlight the high degree of relevance of the scientific problem under study.

The thematic scope indicated in the title of the dissertation corresponds to
the expanded content presented.

2. Assessment of the scientific results and contributions of the
dissertation

The dissertation examines the characteristics of the presented model and
approach, outlined as follows:
e LSTM-based predictor generating a priori forecasts.
e Integration of the Kalman filter with the LSTM-based predictor.

This model and approach can be considered a novel contribution in the
search for solutions to mitigate the effects of signal spoofing or jamming in
navigation control systems for unmanned aerial vehicles through:

e The use of an LSTM-based predictor, accurately replacing the
process model in the prediction step of the Kalman filter, without
disrupting its iterative recursive temporal dependency;

e Proper integration of the Kalman filter with the trainable LSTM
network, replacing the classical process model in the computation of
nonlinear dependencies between previous states and input data. As a
result of using this approach, it is expected to achieve:

o More accurate state prediction values;

o Reduced residual errors in the correction step of the Kalman
filter;

o Lower aggregated error;

o More stable filtering over time.

The following two categories of contributions can be summarized:

As an extension of the theoretical knowledge in the field, it can be
considered:

e A synthesized model of a hybrid navigation system for integrated
INS/GNSS navigation of unmanned aerial vehicles, in which the
process model in the prediction step of the Kalman scheme is
parameterized by a recurrent LSTM neural network.

The following contributions can be distinguished as scientific and applied:
e A simulation model of the synthesized theoretical model has been
developed in the MATLAB/Simulink development environment.
e A method for the experimental evaluation of the simulated hybrid
INS/GNSS navigation architecture has been formulated.
e An empirical dataset has been compiled and systematized from the
experiments conducted with the simulation model.



e A method, referred to as a workflow, has been developed, defining
the stages and chronology for constructing the hybrid navigation
model.

3. Critical notes

Upon review of the presented dissertation, there are no grounds for
substantial critical notes, with the exception of three accompanying categories of
remarks related to the exposition:

e Methodological note — According to established practice in
engineering design, conceptualization should precede modeling;
however, in Chapter Three, this engineering chronology has not been
followed.

o Stylistic note — When using the term “methodology”, its abstract
nature should be taken into account: it denotes the scientific field that
defines the theoretical framework for developing specific methods,
approaches, or techniques to achieve a given goal. In applied
contexts, it 1s recommended to use the term “method” or “methodical
procedure” instead.

o Abstract volume — The presence of an abstract exceeding the
commonly accepted length does not have a negative impact on the
overall dissertation process.

Recommendations

As arecommended action for the doctoral candidate, it is advised to expand
publication activity in scientific forums and journals with high impact in the
relevant field.

A further recommendation, from a semantic-linguistic perspective,
suggests that the researcher should consistently use precise engineering terms that
define a specific direction or approach, such as Long Short-Term Memory neural
network or its abbreviation LSTM, rather than idioms like “artificial intelligence”,
whose origins are more general and non-engineering in nature.

In the content of the dissertation, the term “artificial intelligence” appears
12 times in titles, but only once in a substantive section; the abbreviation “Al” is
also mentioned only once in a substantive section. In contrast, “LSTM” is
mentioned 447 times, of which 274 times are in substantive sections and 20 times
in titles.

4. Conclusion

I consider that the dissertation submitted for evaluation possesses the
characteristics of a scientific work, making an original scholarly contribution,
complemented by scientific and applied contributions in the problem domain.

The doctoral candidate meets the requirements of the Law on the
Development of the Academic Staff, adhering to the minimum national standards.



5. Assessment of the dissertation work

On the basis of the above, I hereby give my overall highly positive
assessment and recommend that the PhD candidate, Master engineer Vladislav
Milkov Genoff, be awarded the educational and scientific degree of “doctor” in
the doctoral program “Automated information processing and control systems,”
within the professional field 5.3 Communication and computer engineering.

12.02.2026 Signature:
Shumen /Associate professor Valentin Atanasov/



