CTAHOBUIIE

oT npo. aA-p uHK. Xpucro I'eoprueB Boauanos, Texnnueckn YHuBepcuter - BapHa
Ha JucepTanuoHHus TpyA Ha BnanucnaB Munkos ['enoB
Ha Tema: ,, lHTerpupaHa HaBUTAIIMOHHA CHCTEMa 3a yIpaBJICHUE Ha OS3MUIIOTHH JIETATETHH arapaTH C
M3MOJ3BaHe HA U3KYCTBEH MHTEIIEKT
npeAcTaBeH 3a NpuAoOuBaHe HAa 0Opa3oBaTeliHa U HAyYHA CTEIeH ,,JOKTOp”
M0 TOKTOPCKa mporpamMa ,,ABTOMaTH3UPaHN CHCTEMH 3a 00paboTka Ha HH(pOpMAIns 1 yIpaBiIeHme

1. AKTyaJIHOCT ¥ 3HAYHUMOCT Ha pa3padoTBaHNs Hay4YeH npodiaem
besnmunorauTe nerarennu amapatd (bJIA) B mociemHuTe TOAMHN 0TOEIIA3aXa 3HAYNTEICH CKOK
B M3II0JI3BAHETO CH HE caMo B chepaTa Ha CbBPEMEHHHTE BOCHHH JIEHCTBHUS, HO M B IIHPOK CIIEKTHP OT
CEKTOPH, BKIFOUMTEITHO CEJICKO CTOMAHCTBO, HAOJII0ICHUE, MOHUTOPHHT Ha OKOJIHATa CPe/ia, JIOTHCTHKA
u npyru. M3non3Banero Ha u3KycTBeH HHTENEKT (M) naBa Ha Te3u JIeTaTENIHU arnapaTi Bb3MOKHOCTH,
CBBP3aHM C aBTOHOMHOCT, aHAJW3 Ha JAaHHM M B3€MaHE Ha pEIICHHs, KOWUTO TNpeau ToBa Osxa
HEJOCTIKUMHU. TeMaTuKaTa 3a aBTOHOMHUTE HaBUTAMOHHH anroputMu Ha BJIA ¢ uznomnsBane Ha MU
€ aKTyaJiHa, Thii KaTo TOBAa BOAM IO ONTUMH3MpPAHE IUIAHUPAHETO HA MUCHUTE, PeICKTHPAIIO 10
3HAYUTEIHO HAMAJICHO BPEME 3a PEaKIys 1 MIOBHIIEH MIPOLIEHT Ha YCIIeX.
M3BecTHH ca peaua MyOIMKaIuy, IPEICTaBSIIN HOA00HH HA MIPEICTABEHHS JUCEPTallMOHEH
TPYA U3CIEABaHUS U Pa3paboTKH, KaTO HAIIPUMED:
1. Maharajan, M. S., Deepa, A., Bhargavi, C. H., Kannan, K. G., & Howard, E. (2024). Using
Al to improve autonomous unmanned aerial vehicle navigation. International Journal of
Intelligent Systems and Applications in Engineering, 12(14s), 368-376.
https://ijisae.org/index.php/IJISAE/article/view/4673
2. Fagundes-Junior, L.A., de Carvalho, K.B., Ferreira, R.S. et al. Machine Learning for
Unmanned Aerial Vehicles Navigation: An Overview. SN COMPUT. SCI. 5, 256 (2024).
https://doi.org/10.1007/s42979-023-02592-5
3. L. Senhaji-Mouhaddib, S. Bouzakri and I. Lagrat, Advanced Autonomous Navigation
Technologies for UAVs: Challenges and Opportunities. 2024 4th International Conference
on Innovative Research in Applied Science, Engineering and Technology (IRASET), FEZ,
Morocco, 2024, pp. 1-7, doi: 10.1109/IRASET60544.2024.10548645
4. Hossin, M.A., Yin, S., Dan, R. et al. Integrating artificial intelligence in unmanned vehicles:
navigating uncertainties, risks, and the path forward for the fourth industrial revolution.
Humanit Soc Sci Commun 12, 312 (2025). https://doi.org/10.1057/s41599-025-04554-z
5. Jarraya, 1., Al-Batati, A., Kadri, M.B. et al. Gnss-denied unmanned aerial vehicle
navigation: analyzing computational complexity, sensor fusion, and localization
methodologies. Satell Navig 6, 9 (2025). https://doi.org/10.1186/s43020-025-00162-7
6. Abbas M., H. Farruk. Design and Control of an Autonomous Drone Navigation System
Using Embedded Al, JECIR, vol. 3, no. 2, pp. 68-80, Nov. 2025, Accessed: Feb. 15, 2026.
[Online]. Available: https://jecir.com/index.php/jecir/article/view/27

Temara H AUCEPTALMOHHNS TPyl CHOTBETCTBA HA CHIBPKAHUETO MY.

OcHoOBHaTa IOJIOKUTEIHA 4YepTa € pa3paboTeHara XUOpHIHA HABUTALIMOHHA CHCTEMa 32
unterpupana INS/GNSS naBuranus va BJIA, npu KoATO IpeXOAHUAT MOZEI B IPOTHO3HATA CTHITKA HA
KanmmanoBara cxema ce mapameTpu3mpa dYpe3 pPEeKypeHTHa HeBpoHHa Mpexa or Ttun LSTM.
DyHKIIMOHATHOCTTA Ha cucTeMaTa € cuMynupana B cpega Ha MATLAB/Simulink upe3 npunaranero
Ha pa3IMYHU CIIEHAPUH.

2. OneHKa HA HAYYHHUTE Pe3yJITATH U MPUHOCUTE HA TUCEPTAIUOHHUS TPYI.

B nucepranuonHus Tpyn sicHo ca aeuHUpaHu nmpuHOCcHTE. Te ce ABABaT KaTo 0000IIeH n3pas
Ha 3aKIIF0YCHUATA, HAIIPABCHU HaA BCAKa €/1Ha OT I'JIaBUTE. ITocouenure IIPUHOCH OTpa3ABaT KOHKPETHO
3HAYMMOCTTA Ha MOJyYeHHUTE pe3ynTard. [IpuHocHuTe OMX MOTBJI Jja 0000 10 CIICAHMS HAYMH:

A. TIpuHOCH, KOUTO Cc€ CBEXKJIAT JIO MTOJTy4yaBaHe Ha HOBY U MMOTBBPAUTEITHH (PAKTH, U JOKa3BaHE
Ha HOBHM CTPAaHM Ha CBHUICCTBYBAIIM METOJIM C MOMOINTAa HAa M3BECTHU METOIU U MOJCPHUZHPAHU
TEXHOJIOTHH:


https://ijisae.org/index.php/IJISAE/article/view/4673
https://doi.org/10.1007/s42979-023-02592-5
https://doi.org/10.1057/s41599-025-04554-z
https://doi.org/10.1186/s43020-025-00162-z
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Jedunupanu ca yciioBusiTa Ha MPWIOKUMOCT Ha xuOpugHa INS/GNSS HaBurarmoHHa
koH¢urypanus LSTM—KF (KanmanoBa cxema, B KOSTO MPOIECHHUST MO/JIEN B IPOTHO3HATA
CTBIIKA C€ pean3upa OT peKypeHTHa HeBpoHHa Mpexa oT T LSTM) cripsimo 6a3oB EKF.
BbBeaena e MeTomosorHs 3a EKCIIEpUMEHTalHa olleHka Ha xuOpumHata INS/GNSS
HABUTAIMOHHA aPXUTECKTYpa.

B. Tlpunocu, cBexxaniu ce 10 nojiyyaBaHe Ha KOHKPETHU pe3yaTaTH, 3a BHEAPSABAHE B
MpaKTHKATA:

Pazpaboren e cumynannoHeH Mozel B pa3BoitHara mporpamua cpeqa MATLAB/Simulink
Ha WHTETPUpaHa HaBUTAIMOHHA apXUTEKTYpa.

Peanuszupan e BB3MNPOM3BOAMM pabOTEH IMMOTOK 3a W3TPAXKIAHE HA XUOPWIHUS
HABUTAIMOHEH MOJieN (IaHHU—00y4YCHHEe—MHTETPaIIns).

[IpencraBeH e AMArHOCTHYEH aHanNW3 Ha WHTerpanusaTa Ha LSTM-0a3upanus mporeceH
TPEIUKTOP.

Pesynratute OT w3cieABaHWATA, KAKTO W JIOTHMKATa Ha TE3W W3CJIENBaHUSA, OOYCIaBsT
JIOCTOBEPHOCTTA Ha MaTepHala, BbpPXy KOMTO Ce TpajsiT MPUHOCUTE HA JOKTOPAHTA.

3. Kpuruunu OesieskKu

1.

4.

[TbpBUTE 1BE TNIaBU Ha OUCEPTAMOHHHS TPYJ MO CHIIECTBO MPEACTABISBAT 0030pEH
MaTepua ¢ U3KIYUTEITHO rojisiM obeM. bu Ouio no0pe To3u MaTepual 1a ObJie ChKpaTeH
Ilo eqHa 0030pHa ri1aBa ¢ ooem 10 30 cTpaHUIH.

He e nampaBeHO cpaBHEHHE Ha IpejJlaraHaTa CUCTEMa C aHAJOTHYHH TaKWBa, KOETO Ja
NOTBBPAM TpeTeHIupaHuTe U mnpeammcta. CrioMeHAaTH ca MyOJWKanuud Ha MOJO0O0HH
M3CIIe/IBaHMs, HO O0€3 CpPaBHUTEIICH aHAJIHM3 Ha EKCTIEPUMEHTHTE U PE3YJITaTUTE B TAX.

He e npuero B onricanneTo /1a ce npencTaBs nporpameH Ko, ToBa e XxapakTepHO 3a HUBOTO
Ha qurioMHa pabora. [IpenopbunTenHO € BCHUKUAT KO Ja € B IPHIIOKEHHE.
HuTtnpanusTa Ha TUTEpPATypHUTE U3TOYHUIM B TekcTa He ca 1o bJIC.

KbM nokTOpanTa MMa CIeTHUTE IPETOPBKU:

1.

2.

Ja mpoamKu W3CIEABaHUATA CH B W30paHOTO HAMpaBICHUE M pE3yJTaTuTe Ja ce
JIOPa3BHST U MPUIOKAT B PEATHH MTPOCKTH.

Jla nyOnuKyBa HaydyHHTE CH PE3YJITATH B MO-BHJIUMH 3a Hay4YHATa OOIIHOCT GOpPyMH U
CITUCAHMS C UMIIAKT (PaKTOp.

4. 3akja09eHue

OO0pazoBareTHHUTE e Ha JUCEPTAIUATA Ca U3ITBIHEHHN H3IISLIO.

CuntamM, 9e MpeACTaBEHUST AUCEPTAIlOHEH TPY/J OTTOBaps Ha M3WCKBaHMITA Ha 3aKOHA 3a
pa3BuTHE Ha akajgeMHyHUS chcTaB B PemyOmuka bearapus. IlocturHature pesynraté MU OaBar
OCHOBaHHE Jia TIPEIIOKa Ha HAyYHOTO XXYpH Ja ObJie IPUChJcHa 00pa3oBaTeiHaTa 1 HaydyHa CTereH
»JlokTop” Ha BragncnaB MunkoB ['eHoB B obnact Ha Buciie oOpa3oBanue — 5. TexHWYECKH HayKw,
JIOKTOPCKa Iporpama ,,ABTOMaTu3upaHu CUCTEMH 3a 00paboTKa Ha HHPOPMALIKS U yIpaBIcHHE .

5. Ouenka Ha qUCEPTALMOHHUS TPYA
[Ipennaram moJoXUTETHA OIIEHKA HA AUCEPTAIIMOHHUS TPYA.

16.02.2026
rp. Bapna

UiteH Ha KypHTO:
(mpod. n-p wrx. Xpucto BemuaHoB)
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1. Relevance and significance of the developed scientific problem
Unmanned aerial vehicles (UAVs) in recent years have seen a significant increase in their use
not only in the field of modern military operations, but also in a wide range of sectors, including
agriculture, surveillance, environmental monitoring, logistics and others. The use of artificial
intelligence (Al) gives these aircraft capabilities related to autonomy, data analysis and decision-making
that were previously unattainable. The topic of autonomous UAV navigation algorithms using Al is
relevant, as this leads to optimized mission planning, reflecting a significantly reduced response time
and increased success rate.
A number of publications are known, presenting research and developments similar to the
presented dissertation work, such as:
1. Maharajan, M. S., Deepa, A., Bhargavi, C. H., Kannan, K. G., & Howard, E. (2024). Using
Al to improve autonomous unmanned aerial vehicle navigation. International Journal of
Intelligent Systems and Applications in Engineering, 12(14s), 368-376.
https://ijisae.org/index.php/IJISAFE/article/view/4673
2. Fagundes-Junior, L.A., de Carvalho, K.B., Ferreira, R.S. et al. Machine Learning for
Unmanned Aerial Vehicles Navigation: An Overview. SN COMPUT. SCL. 5, 256 (2024).
https://doi.org/10.1007/s42979-023-02592-5
3. I Senhaji-Mouhaddib, S. Bouzakri and I. Lagrat, Advanced Autonomous Navigation
Technologies for UAVs: Challenges and Opportunities. 2024 4th International Conference
on Innovative Research in Applied Science, Engineering and Technology (IRASET), FEZ,
Morocco, 2024, pp. 1-7, doi: 10.1109/IRASET60544.2024.10548645
4. Hossin, M.A., Yin, S., Dan, R. et al. Integrating artificial intelligence in unmanned vehicles:
navigating uncertainties, risks, and the path forward for the fourth industrial revolution.
Humanit Soc Sci Commun 12, 312 (2025). https://doi.org/10.1057/s41599-025-04554-z
5. Jarraya, 1., Al-Batati, A., Kadri, M.B. et al. Gnss-denied unmanned aerial vehicle
navigation: analyzing computational complexity, sensor fusion, and localization
methodologies. Satell Navig 6, 9 (2025). https://doi.org/10.1186/s43020-025-00162-7
6. Abbas M., H. Farruk. Design and Control of an Autonomous Drone Navigation System
Using Embedded Al, JECIR, vol. 3, no. 2, pp. 68-80, Nov. 2025, Accessed: Feb. 15, 2026.
[Online]. Available: https://jecir.com/index.php/jecir/article/view/27

The topic of the dissertation corresponds to its content.

The main positive feature is the developed hybrid navigation system for integrated INS/GNSS
navigation of UAVs, in which the transition model in the predictive step of the Kalman scheme is
parameterized by a recurrent neural network of the LSTM type. The functionality of the system is
simulated in a MATLAB/Simulink environment by applying different scenarios.

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

The contributions are clearly defined in the dissertation. They appear as a generalized expression
of the conclusions made in each of the chapters. The indicated contributions specifically reflect the
significance of the results obtained. I could summarize the contributions as follows:

A. Contributions that are reduced to obtaining new and confirmatory facts, and proving new
aspects of existing methods using known methods and modernized technologies:

*  The conditions of applicability of a hybrid INS/GNSS navigation configuration LSTM-KF
(Kalman scheme, in which the process model in the forecast step is implemented by a
recurrent neural network of the LSTM type) relative to the basic EKF are defined.

* A methodology for experimental evaluation of the hybrid INS/GNSS navigation
architecture is introduced.

B. Contributions that are reduced to obtaining specific results for implementation in practice:
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A simulation model has been developed in the MATLAB/Simulink development
environment of an integrated navigation architecture.

A reproducible workflow for building the hybrid navigation model (data—training—
integration) has been implemented.

A diagnostic analysis of the integration of the LSTM-based process predictor is presented.

The results of the research, as well as the logic of these studies, determine the credibility of the
material on which the doctoral student's contributions are built.

3. Critical notes

1.

The first two chapters of the dissertation essentially represent an overview of an extremely
large volume. It would be good if this material is shortened to one overview chapter of up
to 30 pages.

No comparison has been made of the proposed system with similar ones, which would
confirm its claimed advantages. Publications of similar studies are mentioned, but without
a comparative analysis of the experiments and results in them.

It is not accepted to present program code in the description. This is typical of the level of
a diploma thesis. It is recommended that all the code be in the appendix.

The citations of literary sources in the text are not in accordance with the Bulgarian
Standard.

The following recommendations are made to the doctoral student:

1.

2.

To continue his research in the chosen direction and to further develop the results and apply
them in real projects.

To publish his scientific results in more visible forums and journals with an impact factor
for the scientific community.

4. Conclusion

The educational goals of the dissertation have been fully met.

I believe that the presented dissertation meets the requirements of the Law on the Development
of the Academic Staff in the Republic of Bulgaria. The achieved results give me reason to propose to
the scientific jury to award the educational and scientific degree "Doctor" to Vladislav Milkov Genoff
in the field of higher education - 5. Technical Sciences, doctoral program "Automated Systems for
Information Processing and Management".

5. Evaluation of the dissertation
I propose a positive evaluation of the dissertation.

16.02.2026
Varna

Member of Jury:
(Prof. Dr. Eng. Hristo Georgiev Valchanov)



