REVIEW

of the international scientific advisor on the dissertation of Sarmanbetov Sanjar Aitgaliuly
titled “Hardware Implementation of Information-Entropy Signal Analysis™, submitted for the
degree of Doctor of Philosophy (PhD) in the specialty “8D0620( - Radio Engineering,
Electronics and Telecommunications™

The dissertation is dedicated to the current topic of signal classification and identification
under conditions of high signal densities and unknown parameters of communication systems.
The author demonstrates a deep understanding of the complexity of the modulation classification
(MK) process, especially under low signal-to-noise ratio (SNR) conditions. The work has high
theoretical and practical significance, which s confirmed by the consideration of a wide range of
algorithms and methods to solve the problem.

The author systematically presents classification algorithms, dividing them into two main
approaches: decision theory approach and statistical pattern recognition methodology. Attention
ts given to the features of feature extraction and classifier development. In particular, the author
considers receat advamcements in feature extraction and proposes new methods for signal
modulation recognition, such as the use of Hamming distance and fourth and sixth order
cumulants.
Special attention is given to entropy-based methods, highlighting the novelty and
relevance of the research. The author carefully analyzes four different types of entropy (Shannon
entropy, Rényi enfropy, exponential entropy, and Tsallis eatropy) and their application for
extracting features of modulated signals. The research results show that Shannon emtropy
performs the best in classification, effectively distinguishing signals such as BPSK, QPSK,
16PSK, and 64PSK.

The practical significance of the work is confirmed by the use of the HisarMod2019.1
dataset, which includes 26 modulation types from five diflerent familics. The author coaducts
detailed experiments demonstrating the effectiveness of the proposed entropy-based feature
extraction algorithm under various signal-to-noise ratio coaditions.

The work stands out for its high level of theoretical and experimental elaboration, making
it a significant contribution to the field of signal analysis and modulation classification. The
author has shown high research competence by proposing new approaches and confirming their
effectiveness through thorough experiments.

| recommend this dissertation {or defense as it meets all the requirements for sctentific
research in this field and is of great importance {or the further development of signal analysis
theory and practice.
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PTALHANBIK XyMBICKHA XQTBIKAPATBIK FHUTBIMH JKETEKIIiHiH
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aBTOp Oenritepai 6

CHTHaIApAsl Mony
KAIIBIKTBIFBIH JX3HE TOPTIHIN KOHE ATTHIHIIE] PETTI KyMYJIAHTTapAbI Nai

. ?ITTPOHHSIJIBH(. SMICTEPre €peKiNe Ha3ap ayXaphLTALL, Oy 3eprreyniH KaHATBIFEl MEH
O3CKTUIIITH KOPCETENIl. ABTOD SHTpONHMSHBIK TepT Typi Typin (Llennon SHTpONHUACHI, PeHBH

PEKIIENIKTEpiHE Ha3ap aynapsuiamsl. ATan aHTKAaHA,
OJIEKTEY CaJlaChIH/IaFBl  COHFBI  KETICTiKTepyi KapacTelpafbl XoHE
JAMHANIAYIBl TaHYIBIH XaHA OfiCTEpiH YCBIHafBl, MBICalbl, XIMMHHT

alaHy.

JHTPOMMSACHL, SKCHOHCHUMANLI SHTPONHMA XoHe Teawmmc SHTPONMACHI) XKOHE OJIap/ABIH

VOLYUIWSUIAHFaH  CHTHANIAD/BIH  CHNATTAMalaphlH  aly VIiH Koo JAHBUTYBIH MYKHAT
TAIIAUABL. 3ePTTey HITIXKENepi Goiemma [llennon sHTponuAckl BPSK, QPSK, 16PSK xone

3KCOEPUMEHTTEP XKYprizeni. - .

JluCCepTalMAIBIK JKYMBIC TEOPHAIBIK XKOHE SKCIEPHMEHTTIK BICEIKTAY/IBIH, XKOFaphl
NCHTeHIMEH CHMmaTTalafbl, Oyl OHBl CHTHANJAPABI TAIHAY JKOHE MOJLY/IALMIApAEL KIKTEY
CajlaChlHa aWTapiBIKTad Ylec Kocaael. ABTOp KaHA ToCLImepai YCHIHY JK9HE MVKHAT
TOKIPHOENEp apKbUIBI OapABIH THIMAIMINIH pacTay OJIMEH XOFapHl 3epTTEy KY3BIPETTLIIIH
KOPCETTI. , hia L

Men, Oy muccepTalusAHBl KOpFayFa YCHIHAMEIH, OMTKEHI ON OCHl Calajarbl FEUIEIMA
3EPTTCYIEPre KOMBUIATBIH OApNBIK TajanmTapra CoMKeC Keledi JXKOHE CHTHAIAApAsl Tanjay
TEOPHACH MEH TOKipUOECiH 0JlaH 9pi JAMBITYFa YJIKEH MoH Gepei. et "

YKpauHa, KneB KanachlHbIH ¥JITTEIK aBHAMSIBIK YHUBEPCHTETIHIH FBUIBIME JYMBIC KOHIHAET
TIPOPEKTOPEI ~
FeuieiM nokTopsl, mpodeccop Cepreit ['HaTIOK
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