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OG’ext po3pobku — BOyJOBaHA CHCTEMa pO3Mi3HABAHHSA paji03aBaj
cynytHukoBoi HaBiramii (GNSS) myist 0e3mij0THOrO JIITAIBHOTO amapaTa Ha OCHOBI
MikpokoHTpoJiepa Raspberry Pi Pico.

Komm’totepHa cuctema a03BOJIsi€: 3/11MCHIOBATH MOHITOPUHT sikocTi GNSS-
CUTHAJy B pEAIbHOMY 4acl; BHUSBJIATH 30HHM 3 MiJABUIICHUM pPIBHEM paJl103aBas;
onepatuBHO iHGopmyBatu omneparopa bIIJIA mpo HasgBHICTH 3aBaj uyepe3 €KpaH
BOY/ZIOBAHOI B1JIECOCMCTEMU; IHTETPYBATHCS B ICHYIHOYl OOpPTOBI MOJyJ]i HaBiramii Ta
Bijieonepenayl. Y mporueci po3poOku Oyau BUKOPUCTAHI TEXHOJOT1l HU3BKOPIBHEBO1
00po6ku nanux no nportokony UBX, amapartni inTepdeiicu UART Tta SPI, a takox
OSD-Monynp Ha 6a31 mikpocxemu AT7456 it BUBOY NTOB1JJOMJIEHb.

B xox1 po3poOku:

- MPOBEACHO aHali3 CydyacHHX MeToJiB BusBieHHsS GNSS-3aBag B ymoBax
NOJIbOTY Ta OCOOMMBOCTEM 1IX peanizamli Ha BOYJOBaHMX CHUCTEMax 3
00MeXEHUMH pecypcaMu;

- cdopMysbOBaHI BUMOTH J0 CHUCTEMH po3mi3HaBaHHs pajiozaBaj GNSS mis
BUKOpUCcTaHHs Ha 0opTy BITJIA;

- 0oO0rpyHTOBaHO BHOIp amapaTHOI MmIATPOpPMH, a caMe MIKPOKOHTpOEpa
Raspberry Pi Pico Ta GNSS-moayns RUSHFPV GNSS MINI 3 unniom uBlox
M10;

- pO3pO0JICHO aNrOPUTM OLIHKUA SIKOCTI HAaBIraliifHOTO CUTHAJIy Ha OCHOBI
aHamizy napameTpiB nosizomieHb UBX;

- peamnizoBaHo 00poOky BxinHux noBigomieHb o UART 3 momyns GNSS Tta
nepefauy crarycy 3aBaj no SPI na uin AT7456;

- CIIPOEKTOBAaHO CHUCTEMY BHUBOAY IOBIJOMJIEHb Ha BIJEONOTIK Y BHIJISAIL
TEKCTOBHUX MIJKA30K JIJIs MLIOTA.

- TMPOBEIECHO TECTYBAaHHS CUCTEMH B JJAOOPATOPHUX YMOBAX 13 CUMYJIbOBAaHUMHU
mapaMeTpaMH TIEpeIIKoJ Ta PI3HUMHU CIEHApisIMHA POOOTH HaBITaIiiHOTO
MOMYJIS;

VYrupoBajkeHHs JaHOi cucTeMu Yy ckiaal OoproBoro komiuiekcy bBIITA
JO3BOJINTH MIJBHUIIATHA O€3MEeKy Ta HaJIIWHICTh HaBiramii B yMOBax peajbHOIro
MOJIBOTY, CBOEYACHO BUSBJIATH HEOE3MEUHl 30HU 3 NOTaHUM IPHUIOMOM CHTHalIy Ta
3MEHIIUTH PU3HMK BTPATU KEPYBAHHS BHACIIJOK HaBiraiiHux 300iB.

Kmouosi crmosa: GNSS, GPS, BIUIA, AT7456E, IHTEP®EIIC,
MIKPOKOHTPOJUIEP, OSD, AJITOPUTM JAETEKLII 3ABA/I.



ABSTRACT

The qualification work includes an explanatory note (59 p., 27 fig., 4 app.).

The object of development is an embedded system for recognizing satellite
navigation radio interference (GNSS) for an unmanned aerial vehicle based on the
Raspberry Pi Pico microcontroller.

The computer system allows: monitor the quality of the GNSS signal in real
time; detect areas with an increased level of radio interference; promptly inform the
UAV operator about the presence of interference through the screen of the built-in
video system; integrate into existing onboard navigation and video transmission
modules. In the development process, low-level data processing technologies based
on the UBX protocol, UART and SPI hardware interfaces, and an OSD module based
on the AT7456 chip for displaying messages were used.

During the development:

— analysis of modern methods of detecting GNSS interference in flight
conditions and features of their implementation on embedded systems
with limited resources;

— requirements for the GNSS radio interference detection system for use
on board UAVs were formulated;

— the choice of the hardware platform, namely the Raspberry Pi Pico
microcontroller and the RUSHFPV GNSS MINI GNSS module with the
uBlox M10 chip, is substantiated;

— developed an algorithm for assessing the quality of the navigation signal
based on the analysis of UBX message parameters;

— processing of incoming messages via UART from the GNSS module and
transmission of interference status via SPI to the AT7456 chip is
implemented;

— a system for displaying messages on a video stream in the form of text
prompts for the pilot was designed.

— testing of the system in laboratory conditions with simulated parameters
of obstacles and various scenarios of the navigation module operation

The implementation of this system as part of the UAV's onboard complex will
improve the safety and reliability of navigation in real flight conditions, timely detect
dangerous areas with poor signal reception and reduce the risk of losing control due
to navigation failures.
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