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1 IlepeyeHb IJIAHUPYEMBIX Ppe3y/IbTAaTOB O0yYeHHs MO JUCLHHUIUIAHE, COOTHECEHHBIX C
IUIAaHUPYEMbIMH pe3y/IbTaTaMHU 0CBOEHHs 00pa30BaTe/IbHOM MPOrPaMMbI

1.1 MucnunyimHa «PoGoToTrexHuka / Robotics» o0ecieunBaer popMupoBaHUe C/IeAYIOLHX
KOMIIeTeHI[UH C y4éTOM MHAMKATOPOB MX A0CTHKEHUA

Kopa, HanMeHOBaHHe KOMITeTEeHIIUH Kop uHANMKaTOpa KOMIIeTeHIUHI

[TKC-5 Crioco6HOCTh pa3pabaTbIBaTh IPOrPaMMHOE
obecrieueHue /i/1si paj03/IeKTPOHHBIX CPE/ICTB Ha SI3bIKaX [IKC-5.4
BBICOKOI'O YPOBHSI

1.2 B pe3yibTaTe 0CBOEHHs JUCIUIIHHBI Y 00y4YaOIIMXCA AO/DKHBI ObITH C()OPMHUPOBAHBI

Kopg,

CopepxaHue HHAMKATOPA Pe3yibTaT 00yueHust
HHAMKATOpa Aep A P y y

3HaTh aNropuTMbI UG POBOM
00paboTku curHasoB (hunbTpanys,
FFT, Kalman), meTo/ b1 LIM()pOBOTO
MPOrpaMMHOI0 yIpaB/ieHus
(KMHeMaTuKa, TpaeKTOpHOe
ryiaHupoBanue, SLAM), a Takxke
TIPUHLUIBI pa3pabOTKU CrielaabHOTO
1O st po6OTOTEXHUYECKUX CUCTEM B
3ajlauax He/IporoJib30BaHuUs U
reosI0ropasBe/Ku.

YMetb pa3pabarbiBaTh UCXOJHbIE
KOZIbI CITeL[Ma/IbHOr0 TIPOrpaMMHOTO
obecrieueHUst Ha SI3bIKaX BHICOKOTO
ypoBH# (Python, C++) asis
peanu3alyy aaropuTMoB UG POBO
00paboTKU CUTHA/IOB OT
reou3nMUeCcKrxX JaTUMKOB U
urdpoBoro yrnpasaeHust
poboToTeXHHYeCKUMH TUIaThOPMaMHU.
BiiaieTb HaBBIKaMH paboTHI C
6ubsmorekamu U pperiMBOpKaMu
(ROS, OpenCV, NumPy, SciPy) ans
CO3/1aHuUs NporpaMm LiM(poBor
obpabotku IMU/nmugapa faHHBIX U
aBTOHOMHOTO yTipaB/ieHusi poboTamu B
YCJIOBUSIX Te0JI0ropa3Be/louHbIX
pabor.

CriocobHOCTb pa3pabaThiBaTh
HCXO/IHBIE KO/IbI CIIEIUaTbHOTO
MPOrpaMMHOTO 006ecrieueHust JJist
peanu3aliy airOpuTMOB
1[1bpoBoii 00-pabOTKKM CUTHAJIOB
¥ 1I1(pPOBOTO MPOrpaMMHOT0
YTIpaBJIEHUS Ha SI3bIKE BBICOKOTO
YPOBHS$

IIKC-5.4

2 MecTo aucuuiiuebl B ctpyKkrype OOII

Usyuenne aucrurivHbel «Pobotorexnmka / Robotics» 6asupyercss Ha pesy/nbraTax
OCBOEHUsI C/e[YIOLUMX AUCLIMIUIMH/TIPAKTUK: «OcHOBBI poboToTexHuku / Fundamentals of
Robotics»

OucuurvHa sSB/sieTCs NpeAeCTBYOIIeN 1151 AUCLUIUINH/TIPAKTHK:

3 O0beM AUCIHMILTHHbBI



O0beM AUCHMIITHHBI cocTaBisieT — 3 3ET

TpyA0eMKOCTh B aKajeMUYeCKHUX Yyacax
. OpuH akaJeMHUYeCcKU yac COOTBETCTBYeT 45
Bup yueoHo# paboThI ©n A y
MHHYTaM aCTPOHOMHUYECKOT'0 yaca)
Bcero Cemectp Ne 7
OO0111ast TPYZA0EMKOCTD IUCITUTTUHBI 108 108
AyIWTOpHBIE 3aHATHUS, B TOM UKC/Ie: 45 45

JIEKITUU 15 15

nabopaTopHbIe pPabOTEI 30 30

MpaKTUYeCK1e/CeMUHAPCKUE 3aHSITHUS 0 0

CamocTosgTenbHast pa60Ta (B T.4. 63 63
KYpPCOBOe MPOeKTUPOBaHKe)
Tpy0eMKOCTb TIPOMEXKYTOUHOM 0 0
aTTecTraluu
Buz npome)XyTOUYHOM aTTecTalyu
(UTOroBOrO KOHTPOJIS TIO JUCLIUTI/IHE) 3ayer 3auer
4 CTpyKTypa U cojiep>KaHue JUCLUI/INHbI
4.1 CBojHbIe JaHHBIE M0 COAEPIKAHUIO AUCLHMILIUHBI
Cemectp Ne 7
Bu/bl KOHTAKTHOI PaboThI
v | M | | p | ngaw | O | s
n/n b nﬁz UII/THHBI Ne Kou. Ne Kou. Ne Kon. Ne Koun. KOH?II‘mOJISI
Auct 3 UYac. B Yac. B Yac. B UYac. P

1 2 3 4 5 6 7 8 9 10 11
1.

1 MaremaTtuueckue 1 3 1 5 2.5 28 YcrHbIM
OCHOBBI orpoc
POOOTOTEXHUKHU
2. HaBuranus u Y eTHBL

2 JIoKas3arust 2 2 2 4 1 5 OIDOC
BILIA P
3. KommsrorepHoe YcTHbIi

3 3penue s BITJIA 3 2 3 4 1 > 0IIpoC
4. IInanuposaHue A —_—

4 | TpaekTopuii 4 2 4 4 1 > onpoc
nosiéta BITJIA P
5. ludposas
obpaboTtka N

5 CHTHAJIOB 5 2 5 4 3 5

oripoc
MarHuTOMeTpa
BITJIA

6 6. NHTerpanus c 6 2 6 4 3 5 YcTHBIN
I'IC-cuctemamu onpoc
7. ABTOHOMHBIU

7 BIUIA pnsa 7 2 7 5 4 10 YcTHbIM
MarHUTOMETpUYeC oripoc
KOU CbEMKU
IIpomesxyTounas 3auer
aTTecTalys
Bcero 15 30 63




4.2 KpaTKoe cofiep)xaHue pa3/ie/ioB 4 TeM 3aHATHH

Cemectp Ne 7

Ne

Tema

Kpartkoe coaepxaHnue

1. MaremaTtuueckue
OCHOBBI pOOOTOTEXHUKH

[psimasi u oOpaTHasi KMHEMaTHKa MHOTOU/IeHHbBIX
MaHMITY/IATOPOB ¥ TUMOAJIOB, MaTPUIIbI BpaIlleHUs 1
OJTHOPO/IHBIX TIpeoOpa3oBanuii (DH-mapameTpsi),
SKOOMaH /151 yIIpaB/ieHusi CKOPOCTBIO, KWHeTUYeCKast
Y TOTeHLMalbHasi 3HePrusi CUCTeMbI, TUHAMUYeCKHe
ypaBHeHus Jlarpamka, MpUMeHeHHe B CTabuM3ain
T0J1e3HOM HAarpy3ku (MarHUTOMeTp) Ha OeCTIMTOTHBIX
JieTaTeIbHBIX afrapaTax Jjiss KOMIIeHCal[uu KpeHa,
TaHTa)ka ¥ PhICKaHUsI.

2. HaBurauums u
Jnokammzauus BITJIA

KonecHas ofgomeTpus ¥ MHepLiabHast
HaBuramnuoHHasi cucrema (INS) Ha 6aze IMU
(akcenepomeTp+rupockor), puibTp Kanmana s
PEeKYPCUBHOTO OLeHUBaHUSI COCTOSTHUS,
paciuvpenHbii Guabtp Kanvana (EKF) u punstp
vyactul (PF) anst civsiHys: pa3HOUYaCTOTHBIX JaHHBIX
GPS (1 I'y), 6apometpa u IMU (100 I'1y),
KoMIleHcalus Apetida ripoCcKonoB, MpUMeHeHUe B
TOYHOU TPaCCUPOBKE MarHUTOMETPUYECKOH ChEMKHU C
olIMOKOM MO3UIIMOHUPOBaHKsI MeHee 1 M.

3. KommnbrorepHoe
3penue ajist BITJTA

[TpemobpaboTka n3o6pakeHuit (rayccoBO pa3MbITHe,
rucrorpamma), getekius kpaés (Canny, Sobel),
nipeoOpa3oBanue ["abopa /7151 TEKCTYPHOTO aHa/u3a,
Hough Transform gyist muHuii 1 OKpy>KHOCTeH,
KOHTYDHBIW aHa/iu3 U BblZiesieHue 30H uHTepeca (ROI),
ontuueckuit motok (Lucas-Kanade), SLAM-
anroputmel (ORB-SLAM), pacnio3HaBaHue
reoJIorMuecKUX CTPYKTYP (TpelyHbI, pa3/ioMbl,
oOHa)keHUsT) Ha a3pO(OTOCHUMKAX [IIsT
aBTOMAaTHUYEeCKOTO M/IaHUPOBaHUs1 30H
MarHUTOMEeTPHUYECKOM ChEMKHU.

4, [1nanvpoBanue
TpaeKTOpHUM MO/éTa
BIIJIA

MeTpuKHU 3BPHUCTHUYECKOTO MoKcKa (A* ¢ oKTalbHOU
CEeTKOI), BePOSTHOCTHBIE 10poKHbIe KapTel (RRT,
RRT*), noTeHuManbHbIe NOJI C TPaJieHTHBIM
CIyCKOM, IMHaMHAYeCKoe MJIaHUpOBaHUe C yUYETOM
BeTpa U OrpaHUueHuid baTtapeu, reHeparysi CeTKH
JIMHUM MarHUTOMEeTPUUeCKOM CbEMKH (1ar 25-50 M,
BbicoTa 80-120 M), 00X0/1 30H OrpaHUUYEHHS TOJIETOB
(aspoapowmsl, JIDTIT), onTuMuM3aLMsi IO BpeMeHU
T0J1€Ta U MOKPBITUIO, TeHepaLysl waypoints /s
MAYVLink-muccuii.

5. Ludposas o6paboTka
CUTHAJIOB MarHUTOMETpa
BITJITA

HetepMuHupoBaHHasi ¢GunbTpaLus (CKoJb3slee
cpefHee, MejMaHHbIM (QUIbTP), PpEKyPCHBHBIE
udposie puibTphl (FIR, IR Butterworth), 6picTpas
muckpeTtHad Tpancopmanus ypoe (FFT) nns
CIeKTPabHOTO aHa/M3a, BelBieT-1peobpa3oBaHue
JUTs1 JIOKaM3alyy rioMeX, KOMITeHCaLysl CyTOUHBIX
Bapualuii MarautHoro nosis (IGRF-mofnens),
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yZAajieHue TioMex OT 3yeKTpogsurateneit BITITA
(50/100/150 TI'1x), anrOpuUTMBI BblJje/IeHUs] aHOMaJIUM,
JleKOppeJIsiliyisl JaHHbBIX 10 BLICOTe MOJIETa.

6. MnTerpangus c ['IC-
cucTeMaMu

CranzapTtel 00MeHa reofianHbpiMU (Shapefile,
GeoJSON, KML, GeoTIFF), MAVLink-oru

(.tlog, .bin) u ux nmapcunr (MAVProxy, pymavlink),
reornpuBsA3Ka JAaHHbIX MarHutoMmeTpuu 1o GPS-
Tpacce, Co3/laHie BeKTOPHbIX C/10éB (LineString
Tpaccel, Point 3amepa c atpubyramu mag_nT,
height_m), pacTpoBasi uHTepHo/sLYs aHOMaTbHOTO
nosis (IDW, Kriging), nmmnopt B QGIS/ArcGIS,
dbopmatsl A1 reodr3udeckou uHTepripetaluu (XYZ,
GRD).

7. ABToHOMHBIN BITJIA
ISt
MarHUTOMeTpUUeCKOU
CbEMKH

Apxutektypa ROS2 (Robot Operating System) /st
BITJIA, MAVROS-moct K PX4/ArduPilot, Tormiku
(/mavros/imu/data, /mavros/global_position), cepBucsi
aKTHUBALIMM MUCCUH, message types (sensor_msgs/Imu,
nav_msgs/Odometry), MHOTOy3/10Basi cUCTeMa
(M1aHUPOBIUK+HaBUraTop+aatanorrep), MAVLink-
CcKpuIiThl KoMaHAHOU cTpoku (DO_SET_MODE
AUTO), Mission Planner/ QGroundControl API,
anroputmbl oTkaszoycroiurBocTy (RTL nipu notepe
GPS), unrerpaius ¢puabtpos JIP2 u 06paboTku JIP5 B
peasibkHOM BpeMeHH.

4.3 IlepeueHb /1abOPaTOPHBIX PadoT

Cemectp Ne 7

No HaumeHoBaHHe /1a00paTOpPHO PadoThI Kon-Bo akajemuyieckix
4acoB

JlaboparopHxasi pabota Nel. Perienue rpsimoii

1 KUHEeMaTHueCcKoU 3a/jaui [ijisi cTabuir3aropa 5)
marautomeTpa BITJTA (Python SymPy).

2 JlaboparopHast pabota Ne2. ®uibTp Kanmana ais 4
nokanu3auuu BIJTA no IMU u GPS (Python).
JlaboparopHast paboTa Ne3. [leTekius 30H

3 MarHUTOMeTpHUYeCcKOl ChEMKY Ha CHUMKax bITJTA 4
(OpenCV).
JlabopaTopHast pabota Ne4. Peasiu3aliusi aropurma

4 A* njs T/1TaHUPOBaHUS TPACChI 4
MarHUTOMETPHUYECKOU ChEMKHU

5 JlabopaTopHast pabota Ne5. dunbTpariys 4
MarHuTomeTpuueckux gaHHbix BITJIA (SciPy).
JlaboparopHnasi pabota Ne6. DKCrOpT TpaeKTopun

6 BITVIA n marHuTomeTpuueckux faHHbIX B QGIS 4
(Python GeoJSON).
JlaboparopHast pabota Ne7. ®uHa/bHast

7 VHTerpaiusi U TeCTUPOBaHUe CUCTeMbI yIIpaB/ieHus 5
BILTA.

4.4 IlepeyeHb NPpaKTHUYECKHX 3aHATHHN




TIpaKTUUYECKUX 3aHSATHH He TPeyCMOTPEHO
4.5 CamocrosiTes1bHasi padoTa

Cemectp Ne 7

Ne Buj CPC Ko/-Bo akajeMudecKHx
4acoB

1 OdopmsieHre 0TYETOB 10 J1aOOPAaTOPHBIM U 15
NIPaKTUYeCKUM paboTam

2 [ToaroroBka K NpakTUYeCKUM 3aHATUAM 18
(y1abopaTopHBIM paboTam)

3 IToAroTOBKA K C/laye M 3al[yUTe OTYETOB 10

4 [ToaroroBka K 5K3aMeHY 10

5 ITpopaboTKa pa3/ie/IoB TeOPeTUUYECKOr0 MaTepHasa 10

B xo/ie poBeieHusT 3aHATHH 10 JUCLIUTIIMHE UCTIONB3YIOTCS CIelyOIie UHTePaKTHUBHbIE
MeToZbl 00yueHus: paboTa B MasibIX TPyIINax

5 IlepeueHb yueOHO-MeTOJUUECKOT0 00ecrieyeHUus1 JUCHUILTHHBI
5.1 MeToanuecKHe yKa3aHHs /I 00yUaIOMUXCA M0 OCBOEHHIO JUCIUILTHHBI
5.1.1 MeToauueckue yKa3aHus Jjis 00yUYarOIUXCA 10 J1adD0paTOpPHbIM padoTam:

Jlaboparopxasi pabota Nel. Perienue npsiMoli KWHeMaTHYeCKOW 3a/1auu /i/isi cTabummu3aTopa
marauutometpa BIIJTA (Python SymPy)

Lless paboter: OCBOUTSH pelieHKe TPSIMOi KUHEeMaTHUeCKO! 3a/jauu [/t PacuéTa MOJI0KeHHS
MarHuTOMeTpa Ha 2-oceBoM ctabusu3aTtope BITJIA ripu KomrieHcal[ui KpeHa U TaHTaKa.
KpaTkuii TeopeTuecknyi C10Bapsb:

[MpsiMasi KWHEMaTHKa — pacuéT I0JI0’KeHUsi 3BeHbeB poOO0Ta 110 yrjiamM CyCTaBOB.

Marpuiia BpaijeHust — rnpeodpa3oBaHue KooparHaT R=(M(cos0&-sinf@sinf&cosh)).

DH-napametpsl — Denavit-Hartenberg napameTpsl A1 onvcaHis MaHUITy/ISITOPOB.

SIkobvaH — MaTpuIia YaCTHBIX MPOM3BOJHBIX /IJIs CBSI3M CKOPOCTEHA.

I'mmban — 2-oceBoit crabuuzarop (roll/pitch) asisa kamep/aaTunKoB.

Xog, BbIMo/THeHUsT pabOoTHI:

YcranoBka [10: Otkpoiite Anaconda Prompt, BeimosiHuTe conda create -n robotics
python=3.9, conda activate robotics, pip install sympy numpy matplotlib jupyter. 3anycture
jupyter notebook.

Co3panuve HoyTOyka: HoBerii notebook "LR1_kinematics.ipynb". imnoprupyiite: from
sympy import *; import numpy as np; import matplotlib.pyplot as plt.

Oripenenienye mapameTpoB crabumsaropa: JmHa 3BedbeB L1=0.1 m (roll), L2=0.15m
(pitch), marautomeTp Ha KoHile L2. ¥l 01 (roll -30°...4+30°), 62 (pitch -45°...+45°).

[IpsiMast KUHEeMaTHKa:
thetal, theta2, L1, L2 = symbols('thetal theta2 .1 L2")

x = L1*cos(thetal) + L2*cos(thetal+theta2)
y = L1*sin(thetal) + L2*sin(thetal+theta2)
z = symbols('z0") # pukcrpoBaHHasi BbICOTa

YucnenHsld pacuét: [ToacraBeTe 3HaueHus thetal=pi/6, theta2=-pi/4, L1=0.1, L2=0.15.
Boerunciue x_num = x.subs({thetal:pi/6, theta2:-pi/4, .1:0.1, L.2:0.15}).evalf().
Busyanusanus: Co3paiite ceTKy yrioB thetal_range = np.linspace(-pi/6, pi/6, 20),
noctpoiite 3D-rpaduk TpaekTOopun MarHuTomeTtpa ax.plot_surface(X, Y, Z).
6



Amnamm3: Paccuuraiite pabouyto obmacts (+20 cm), coxpanure Kak PNG. 3anummre
KoopauHathl Ast 01=0°, 02=0° (x=0.25 M, y=0 m).

Oruét: CoxpanuTte notebook (.ipynb), ckpunmmor 3D-rpaduka, Tabnmia Koopgusar (5
TOYEK).
Oskuziaemblii pe3ysibTat: Jupyter notebook ¢ kuHeMaTHueckoi Mogesnbio ctabumusaTopa, 3D-
rpaduk paboueii o61acTy, TabauLia KOOpAWHAT.
KoHTpo/bHBIe BOIIPOCHL:

Yro maéT npsiMast KWNHeMaTHKa Ajist crabuinsaropa BIT/TA?

dopMysia MaTpuLibl BpallleHUs B IJIOCKOCTH?

3aueM Hy>xHbI DH-rtapametpsi?

Kak sikobuaH CBsI3bIBaeT yTJIOBbIe M JTMHEMHBIE CKOPOCTH?

[TouemMy ctabunu3atop 2-oceBoii (roll/pitch)?

JlaboparopHast pabota Ne2. ®unbtp Kanmana ayis nokanuzauuu BITJTIA o IMU u GPS (Python)
Llesis pabotel: Peam3oBaTh ¢unbTp KamaHa fy1s coiusiHYs JaHHBIX aKCeepoMeTpa, TUPOCKOTa
v GPS npu nokamuzauyu BITJIA.
KpaTkuii TeopeTuecknii C10Bapsb:
®unbTp KasiMana — peKypCcUBHBIN OLleHWBATe/Ib COCTOSIHUS C yUETOM LIYMOB
V3MepeHuH.
CocTosiHue — BeKTOp [X, y, z, VX, VY, vz, roll, pitch, yaw].
Martpuiia KoBapraluu — OLleHKa Heollpe/ie/IEHHOCTU COCTOAHUA P.
EKF — pacmmpennsii ¢punbTp Kanmana f/1s1 HeJTMHEMHbBIX CUCTEM.
IMU — vHeprManbHbIA U3MepUTe/IbHBIM MOAY/Ib (aKCe/lepoMeTp+TrHUpOCKOIT).
Xo/1, BbITIOJTHEHUsI PabOThI:
[MogroroBka ganHeix: Ckavaiite faTtacet bpla_flight.csv (1000 crpok: GPS_time, gps_x,
gps_y, gps_z, ax, ay, az, gx, gy, gZ)
Wmnoprt: import pandas as pd; import numpy as np; data = pd.read_csv('bpla_flight.csv").
WNuutmanu3aius GpuabTpa:
dt=0.01 # 100 I'y
x = np.zeros(9) # [x,y,z,vX,vy,vz,roll,pitch,yaw]
P =np.eye(9)*100 # Gosbiuasi HeOTIpeeIEHHOCTD
Q = np.eye(9)*0.01 # mym nponecca
R_gps = np.diag([1,1,5]) # mym GPS
R_imu = np.eye(6)*0.1 # wym IMU

[Mpencka3anue: x_pred=A @ x+B @ u; P_pred=A @ P @ A.T + Q (A — maTpuija
rnepexoza).

Koppekuus GPS: K = P_pred @ H_gps.T @ inv(H_gps @ P_pred @ H_gps.T + R_gps);
x =x_pred + K @ (z_gps - H_gps @ x_pred).

Koppekuust IMU: VIHTerpupyiite yCKOpeHUsl/yriaoBble CKOPOCTH, MpuMeHHTe Kalman
update.

Busyanuzanusi: [Toctpoiite 3 TpaekTopuu: cbipoii GPS, ceipoit IMU, Kalman. OnjeHuTe
RMSE <2 m.

Ananu3: CpaBHuUTe KoBapualuto P 1o ocsim, coxpaHuTe rpa@uku.
Oskupaemslii pesybrat: Notebook ¢ Kalman-¢unbtpom, rpadvky TpaeKTopuii
(GPS/IMU/Kalman), RMSE.
KoHTpo/ibHBIe BOIIPOCHL:

Uro npejckasbiBaeT U KoppekTupyet ¢puabTp Kammana?

3aueM Hy>XKHa MaTpuULia KoBapuanuu P?

[Touemy GPS u IMU umeroT pa3Hble 4aCTOTBI?

Kak uHTerpupoBaTh yCKOpeHue /11 CKOPOCTU?
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[MpenmymiectBa EKF nepep nmunelineiv Kalman?

Jlaboparopnasi pabota Ne3. [leTeKiysi 30H MarHUTOMeTPUYECKOU ChbEMKHM Ha CHUMKax BITJTA
(OpenCV)
Llesie paboThI: BeIIEMTE OTKPBITHIE YYaCTKH MECTHOCTH Ha a3pO(OTOCHUMKE ISt
TJIaHUPOBaHUsI MarHUTOMETPHUYECKON ChEMKHU.
KpaTkuii TeopeTuecknii C10Bapsb:

Canny edge detector — anroputm JieTeKiiuu KpaéB (Gaussian+Sobel+Non-
max+Hysteresis).

Hough Transform — napameTpuueckoe Tipe/icTaB/ieHHe TPSIMbIX/OKPY>KHOCTeH.

KoHTyp — 3aMKHyTas rnocseioBaTe/ibHOCTh Touek (cv2.findContours).

ROI — ob6mnacts unTepeca (Region of Interest).

I'ncrorpamma — pacnpefiesieHre IpKOCTeN ITUKCesen.
Xo/1, BbITIOJTHEHUsI PabOThI:

YcraHoBka: pip install opencv-python matplotlib. Ckauaiite aero_photo.jpg (kapsep).

3arpy3ka: img = cv2.imread('aero_photo.jpg"); gray = cv2.cvtColor(img,
cv2.COLOR_BGR2GRAY).

[MpemobpaboTka: blur = cv2.GaussianBlur(gray, (5,5), 0); hist = cv2.calcHist([blur], [0],
None, [256], [0,256]).

Hetexkuys kpaéB: edges = cv2.Canny(blur, 50, 150); lines = cv2.HoughLinesP(edges, 1,
np.pi/180, 100, minLineL.ength=50).

Kontypsr: contours, _ = cv2.findContours(edges, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE).

®dunbTpauus ROI: [Tnowags >10000 nukcene, npsaMoyroabHOCTh >0.8, coxpaHuTe Kak
Macka.

Busyanuzanusi: cv2.drawContours(img, contours, -1, (0,255,0), 3);
plt.imshow(cv2.cvtColor(img, cv2.COLOR_BGR2RGB)).

Koopaunatsl: Berunciure 1jeHTp Macku M = cv2.moments(largest_contour); cx =
int(M['m10'}/M['m00']).
OskuZlaeMblii pe3y/bTatr: Macka 30H ChéMKH, KoopauHaThl ROI, HamokeHue Ha (oTo.
KoHTpo/bHBIe BOIIPOCHL:

Orarbl anropurMma Canny?

[TapameTpuueckoe ypaBHeHHe nipsimoii B Hough?

Kak ¢uibTpoBaTh KOHTYPBI I10 MJIOLaANU?

3aueM Gaussian pa3smbiTve?

[IpuMeHeHVe B aBTOMaTUUeCKOM IJ1laHMpoBaHuu BIIJIA?

JlabopaTopHasi pabora Ne4. Asnroputm A* fJisi TJIaHUPOBAHKS TPACChl MarHUTOMeTPUUeCKOn
cbémku (Python)
Lenb paboTsi: [ToCTPOUTH ONTHMAaIbHYHO TPACCY MarHUTOMETPUYECKON ChEMKH (CeTKa JIMHUM
50%50 M) c 06X0ZI0M MPENSITCTBUH.
KpaTtkuii TeopeTHyeckuii CI0Baphb:
A* — anroput™m noucka A (f = g + h, g — npolifieHHslit yTh, h — 3BpuUCTUKA).
OkTasibHasi ceTka — 8 BO3MOJKHBIX HarlpaB/IeHUN JABUKEHMUS.
OBpUCTHKA — MaHX3TTeHCKoe paccTtosiHue h = |dx| + |dy].
OTKpBITBIM HabOp — MpuopUTeTHast ouepe b KaHAuAaToB (heapq).
3aKpbIThIA HAOOP — MOCEIEHHbBIE Y37IbI.
Xo/1, BbITIOJTHEHUsI PabOThI:
Kapra: Co3patite cetky 50%50 (1 knetka = 50 m), 0=cB060/1HO, 1=mpensTCTBUE.
NwmnopT: import heapq; import matplotlib.pyplot as plt; import numpy as np.
Crpykrypa y3na: (f_score, g_score, X, y, parent) — KopTex /s heapq.
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Cocenu: 8 HaripaBnienuti directions = [(-1,-1), (-1,0), ...], ctoumocTs 1.4 (1uaroHans), 1
(ropv3oHTaNb).

A tukn:* open_set = [(0,0,start_x,start_y,None)]; came_from = {} 10 gocTiwKeHus Ljeu.

PekoHcTpykuusi myTu: OT Liei 10 parent o CTapTa, pPa3BoOpOT.

Busyanusanus: plt.imshow(grid, cmap='gray"); plt.plot(path_x, path_y, 'r-").

Cetka crémKku: [JobaBbTe napasuienibHble TUHUY 1ar 50 M 10 ONTUMaTbHOMY
HarpaBJ/IeHHIO.
OskupaeMslii pe3ynbTtaT: KapTta ¢ Tpaccoit A*, ciicok waypoints (X,y,z), AJIMHa My TH.
KoHTpo/bHbIe BOIIPOCHL:

®opwmyna f(n) B A*?

[Touemy okTanbHas ceTka (8 HanpasieHui)?

OBpUCTHKA MaHX3TTEH VS eBK/IU/[0Ba?

Posnb heapq B oTKpbITOM Habope?

OnTuMu3alys [jisi MarHUTOMEeTPUUeCKOM CeTKuU?

JlabopaTopHasi pabora No5. ®unbTparus MaruuToMeTpryeckux faHHbIX BITJIA (SciPy)
Lless paboter: OunctuTh AaHHble MaruuToMerpa HMC5883L ot momex motopoB BIT/IA u
CYTOUYHBIX BapHaLUi.

KpaTkuii TeopeTuecknii C10Bapsb:

FFT — 6bicTpoe nipeobpa3oBaHre Pypwe /7151 CrIeKTPaabHOTO aHaIM3a.

FIR-¢unbTp — unbTp € cKOMb3sMUM cpeHnM (6e3 00paTHOI CBsI3N).

IGRF — MexayHapoiHast MOJie/lb TeOMarHuTHOTO pe)epeHCHOTro ToJsl.

CyTouHas BapyaLisi — e)XeJIHeBHble U3MEeHEeHHsI MarHUTHOro 1noJist 3emu (£50 HT).

[Tomexu BITJTA — 50/100/150 T'y oT 371eKTpoABUTaTeie.

Xog, BbIMo/THeHUsT pabOoTHI:

[Hanuble: mag_data.csv (time, gps_x, gps_y, mag_X, mag_y, mag_z, height).

Wmnopr: from scipy import signal; from scipy.fft import fft, fftfreq; import numpy as np.

IGRF koppekuus: Paccuuraiite pedepercHoe mosie B_igrf = igrf_model(lat, lon, height).

[TpeaBaputenbHas puabTpanus: mag_filt = signal.medfilt(mag_raw, kernel_size=5).

CrnekTpanbhbii aHanu3: N = len(mag); f = fftfreq(N, dt); mag_fft = fft(mag). Halizure
vk 50/100 I'y,.

Notch-bunbtp: b, a = signal.iirnotch(50/dt, 30); mag_clean = signal.filtfilt(b, a, mag_filt).

Ckonb3siee cpeatee: window = signal.windows.hann(51); mag_smooth =
np.convolve(mag_clean, window, mode="'same").

I'paduku: Bpemennsle psizpl (raw/filt/smooth), cnekTpel, aHomanuu = smooth - IGRF.
OrkupiaeMblii pe3ynbTaT: YuCTble MarHUTOMETPUYECKHE [JaHHbIe, CIIEKTPHI 10/TI0C/Ie, KapTa
aHOMaJ/IuH.

KoHTponbHbIe BOMIPOCHI:

Uro BeI3biBaeT nomexu 50 I'y B BITJ/TA?

3auem notch-¢unsTp?

Pasnuna FIR vs IIR?

Kak IGRF 3aBUCUT OT ILIMPOTHI/BBICOTHI?

Kputepuii Bbiie/1eHUs] aHOMaIAN?

Jlaboparopnasi pabota Ne6. Okcriopt Tpaekropuu BIT/IA 1 MarHUTOMETPHUUECKUX JAHHBIX B
QGIS (Python GeoJSON)
Lless paboter: Co3zmate GeoJSON dhaiin ¢ TpaeKTopHeit MoéTa i MarHUTOMEeTPHUeCKUMHU
3amepamu 17151 QGIS.
KpaTkuii TeopeTuecknii C10Bapsb:

GeoJSON — ¢opwmar reogannsix (Point, LineString, Polygon + cBoiicTBa).

CRS — Coordinate Reference System (WGS84 EPSG:4326).
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LineString — nomanast nuHus (Tpaekropusi BITJIA).
fiona — Python 6ubmoreka s GeoJSON/Shapefile.
Kriging — reocraTuctTuyeckas UHTepIIOJIALIUS.

Xo/1, BbITIOJTHEHUsT PabOThI:
YcraHoBka: pip install fiona geopandas matplotlib folium.
Hanxbie: O6beauHuTe Tpaekroputo JIP4 + maruurometpust JIPS B flight_data.csv.
LineString Tpaccsr:

import fiona

from shapely.geometry import LineString, Point

schema = {'geometry": 'LineString', 'properties': {'name": 'str'} }

with fiona.open('flight.geojson’, 'w', 'GeoJSON', schema) as c:

c.write({'geometry': LineString([(lon1,lat1),(lon2,lat2)]), 'properties': {'name': 'mag_survey'}})

Touku 3amepa: Point( lon, lat ) c atpubyramu {'mag_nT": 45230, 'height": 105}.

ITposepka: import geopandas as gpd; gdf = gpd.read_file('flight.geojson’); gdf.plot().

Be6-kapra: folium.Map().add_to(m); folium.GeoJson(gdf).add_to(m);
m.save('map.html").

QGIS TecTt: OTKpOIiTE .geojson, co3zaite heatmap o mag_nT.
Oskupiaembiii pe3ysbtat: GeoJSON daiinsl (Tpacca+Toukn), QGIS-kapra, Beb-KapTa.
KoHTpo/bHbIe BOTIPOCHI:

Crpykrypa GeoJSON Point/LineString?

3auem CRS EPSG:43267

Kak geopandas untaer GeoJSON?

[MpumeHeHue B reou3nuecKoil MHTepIpeTaLyn?

Pasnuria GeoJSON vs Shapefile?

Jlaboparopxasi pabota Ne7. duHabHAS UHTErPaLyisi ¥ TECTUPOBAHKE CUCTEMbI YIIPaBIeHUS
BITTA
Lless paboter: Co3nate MAVLink-ckpunt aBTOHOMHOM MarHuTOMeTpruueckor muccru BITJIA ¢
HHTerpaiyei Bcex MojyJiei.
KpaTkuii TeopeTuecknii C10Bapsb:
MAVLink — npotokon cBsizu gist BITJTA (waypoints, TefiemeTpus).
Mission Planner — GCS (Ground Control Station) gnst ArduPilot/PX4.
SITL — Software In The Loop cumysitop.
RTL — Return To Launch npu oTkasze.
Waypoint — Touka mapuipyTa (lat, lon, alt).
Xo/1, BBITIOJTHEHUST PaOOTHI:
YcranoBka SITL: Ckauatite ArduCopter SITL, sim_vehicle.py -v Copter --console --
map.
Mission Planner: IToaxkntounTeck localhost:5760, 3arpy3ute waypoints u3 JIP4
(WPLOAD).
Python DroneKit:
from dronekit import connect, VehicleMode, LocationGlobalRelative
vehicle = connect('tcp:127.0.0.1:5760", wait_ready=True)
vehicle.mode = VehicleMode("AUTO")
for wp in waypoints:
cmd = Command(0,0,0,16,0,0,0,0,lat,lon,alt)
cmds.add(cmd)

Wurerparus JIP2-6: Kalman (JIP2) — A* waypoints (JIP4) -~ MAVLink -
¢unbrpanus (JIP5) —» GeoJSON (JIP6).
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TectupoBanue: ABTOHOMHBIY NOJIET 10 TMHUM, 3aTCh MarHUTOMETPUH, [IPOBepKa
(GunbTpOB.

RTL Tect: Cumympyiite otepto GPS, npoBepbsTe Bo3BpaT Ha 0asy.
OskupaeMslii pesynbtaT: ABToHOMHAast muccus B SITL, MAVLink nor, ¢unansabiii GeoJSON.
KoHTpo/ibHbIe BOIIPOCHL:

Uto takoe SITL v 3auemM OH Hy>XeH?

Crpyktypa MAVLink waypoint?

Komanpa nepexozsa B AUTO mode?

Kak DroneKit noakmtouaercs Kk SITL?

Asnroput™ RTL nipu otkasze GPS?

5.1.2 MeToauuecKne yKa3aHus /ISl 00y4aroImMXcs 110 CaMOCTOSTe/IbHOM padore:

PekoMeH/jalu 110 CaMOCTOSITeTLHOU paboTe:

1. PexoMeH/aI1K TI0 CaMOCTOSITe/TbHOM TIOATOTOBKE K J1abopaTOpHbIM paboTam

. M3yunTe TeopeTHUECKH MaTepral 110 TeMe 1abopaTOPHOU paboThI.

O3HaKOMBTECh C YUeOHUKaMH, JIEKLUSIMU U JIOTIO/THUTE/TbHBIMHA KCTOYHHUKAMH, YTOOBI [TOHUMAaTh
1eJTU 1 3a/1aui pabOThI, OCHOBHBIE TTOHATHS Y METO/bI, MCTI0/Ib3yeMble B laDopaTOpHOM
3a/laHnm .

. BHuMaTebHO 03HAKOMBTECH C METOJUUECKUMH YKa3aHUSIMH U TPeOOBaHUSIMU K
saboparopHoit pabote. ObpaTUTe BHUMaHKE Ha ITOC/Ie[OBaTe/IbHOCTb BHITIOJTHEHUS TarloB,
WCII0/Tb3yeMoe TIpOrpaMMHoe obecrieueHre, hopMaThl UCXOJHBIX U BBIXOAHBIX JAHHBIX,
TpeOOBaHMS K BU3ya/TU3alliy U aHa/Iu3y pe3y/IbTaToB.

. [MToaroroBbTe MCXOAHBIE NaHHBIe. [IpoBepbTe HasMuMe BceX He0OXO0AUMBIX (aii/ioB,
ybenuTech B UX KOPPEKTHOCTH ((popMaThl, CTPYKTYPa, OTCYTCTBHE OLIMOOK U MPOIYCKOB
JlaHHBIX).

. OcBoiiTe He0OX0qUMBbIe (DYHKIIUM U MHCTPYMEHTBI TIPOrPaMMHOT0 00eCTieueHusl.
[ToBTOpUTE paboTy C TeMH MOAYISMU U HHCTPYMEHTaMH, KOTOpbie OyyT UCIOMb30BaThCs B
sabopatopHoii pabore.

. [Tnanupyiite Bpemsi. Pa3genure BbimosiHeHre pabOThI Ha 3Tarlbl: TIOATOTOBKA /IaHHBIX,
BBITIOJTHEHUE aHa/M3a, 0hOpM/IeHHe BU3ya/iu3aliuy, HallCcaHWe OTYeTa.

2. PekoMeHzalMK 110 0(hOPMJ/IEHHIO OTYETOB 10 J1JabopaTOPHLIM paboTaMm

. CTpyKTypUpY#Te OTUeT M0 CTaHJJapTHOU cxeMe:

. TutynbHbI MUCT (Ha3BaHue paboTel, PUO, rpymnra, faTa)

. Llenb paboTHI

. KpaTkoe omnucaHue UCXOHBIX JaHHBIX

. OmnucaHue UCTIOb3yeMbIX METO/IOB U TIPOTPaMMHOTO 0becrieueHust

. [MocepoBaTenbHOE M3/I0/KEHKE 3TaroB PaboThl C WITFOCTPALUSIMU (CKPUHIIIOTaMH,
rpaduKaMu, KapTamu)

. AmHasn3 1oJTyueHHBIX pe3yJ/bTaToB (BbISIBJIEHHbIE 0COOEHHOCTH, CPABHEHHE C TeOpUeH,
WHTepIipeTarus)

. BbIBO/IBI U peKOMeH/ jal[u1

. Crn1coK UCMOIb30BaHHBIX UCTOUHHMKOB

. HWcnosnb3yiiTe KaueCTBeHHbIe WUTIOCTpaliuu. Bee rpaduueckrie MaTepyabl JO/DKHbI
ObITb YEeTKUMH, CHAO>KeHbI TIOATUCSAMH, MacIiTabaMu, JiereHAaMHU U TTOSICHEHUSIMH.

. dopmyaupyiiTe BBIBOABI MO CylijecTBY. KpaTKo U sICHO OoTpaskaliTe OCHOBHbIe

pe3y/bTaThbl PabOTHI, BbIsSIB/IEHHbIE 3aKOHOMEPHOCTH, JOCTOMHCTBA M OTPaHUUeHMUs
TIPUMeHsIeMbIX MeTO/IOB.

. OdopmsiiTe oTueT B COOTBeTCTBUM C TpeboBanusmu JJOT. CobnrozaiiTe cTaHAApPTHI
ohopmsieHHsT TeKCTa, TaOJIUL], PUCYHKOB U CCHIJIOK Ha UCTOUHHKH.

3. PekoMeHZALIMY 110 CAMOCTOSITe/TbHOM MPopaboTKe OT/e/IbHBIX pa3/iesioB TeM
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. W3yuaiiTe peKOMeH/I0BaHHYIO JIUTepaTypy U [OIMOJTHUTe/IbHbIE UCTOYHUKU. Vicrnonb3yiiTe
yueOHUKH, CTaThH, 3/1eKTPOHHbIE PeCypPChl, NpodeccroHanbHbIe 6a3bl JaHHBIX U CIIPABOYHbIE
MaTepuasbl, yKa3aHHble B paboueii mporpaMme AUCLUIIHBI]L.

. BbInosiHANTe KOHCIIeKTUPOBAaHUE KITFOUeBbIX TOHATUN 1 anropuTmMoB. CocTaBsiiTe
KpaTKHe 3aIyCH TI0 OCHOBHBIM OTIpe/ie/IeHHsIM, alropuTMaM, 3taram paborsr ¢ T10,
0Cc00eHHOCTSIM BU3yalu3alliy U aHa/li3a JIaHHbIX.

. [TpakTHKyiiTeCch B CAMOCTOSITe/TbHOM BBITIOJTHEHWY TUIIOBBIX 3a/jlaHUi. Peluaiite 3ajauuy,
cBsizaHHbIe ¢ 00pabOTKOI U BH3yan3aliei reosoro-reogr3nyeckux JAaHHbIX, UCTIONb3Ys
pas/inyHble POrpaMMHbIe CpeJiCTBa.

. dopMynMpyiiTe BOMPOCHI U YTOUHEHUS [ijist 00CY)KAeHHUs Ha 3aHSATHSIX. 3anuchiBaiTe
HEIOHSATHBIE MOMEHTBI, UTOOBI TOJTyUUTh Pa3bsiCHEHUs Y TIPeTIo/iaBaTeIs UIv B XOJe AUCKYCCHH.
. AHanusupyiiTe npyuMepbl U3 NPaKTUKK. VI3yuaiiTe peanbHble KeChl pelleHus 3a7au

reou3MKy, CPAaBHUBAMTE pa3Hble MOJXO0/bI U [ieJlaiiTe BHIBOABI O 11e1ec000pa3HOCTH X
NIpPUMEHEHUs].

4. O01Me peKOMeHAALUN

. Pa3BuBaiiTe HaBbIKM TTOMCKA U KPUTMYECKOTO aHanu3a UHGopmarmu. [Tonb3ylitech
COBpeMeHHbIMH MH(OPMaLMOHHBIMK peCcypcaMy, aHaIM3UpyWTe 0CTOBEPHOCTh U aKTya/lbHOCTh
Hal/IeHHbIX JJaHHbIX.

. AKIIeHTHpYHTe BHUMaH1e Ha MHTerpaljui 3HaHUU U yMeHni. CtapalTech CBS3bIBAaTh
TeopeTHYeCcKUe 3HaHUS C TIPaKTUUeCKUMU 3a/ladyaMi, aHaIM3UpyuTe, Kak BbIOpaHHbIE METO/[bI U
TeXHOJIOTMU B/IUSIFOT Ha KaueCTBO U J0CTOBEPHOCTb rpa(uuecKoro npezcraBaeHus
VMH(pOopMaL1H.

. CobsropaiiTe akaieMIUeCKyr0 UeCTHOCTb. Bce pe3y/bTathl, Iipe/iCTaB/IeHHbIe B OTUeTaX,
JIOJDKHBI OBITh MOJTyUeHbl CAMOCTOSITE/ILHO, C 00s13aTe/TbHBIM YKa3aHHeM HCTOYHUKOB
3aMMCTBOBaHHbIX [JAHHBIX M WTFOCTPaLUil.

6 DoHj OLEHOYHBIX CPeACTB A/ KOHTPOJIA TeKylleil ycleBaeMOCTH M TPOBeJeHHUs
NMPOMEeXYTOYHOM aTTeCTaluy Mo JUCHMUIIUHE

6.1 OreHoYHBIe Cpe/CTBA /11 NPOBe/ieHUs TeKyIero KOHTPOJIs
6.1.1 cemecTp 7 | Y cTHBII1 onpoc
Omnucanue nponeaypel.

Ornpoc MoXkeT IPOBOAUTBCS:

dponTaEHO — B (hopMe Gecesibl C IPYIIION, KOTja BOPOCHI 3a/[af0TCS BCEH TPYIITE, a OTBEThI
JIAI0TCS 110 OUepe/iy UM T10 )KeJIaHUIHO.

VHavBrayanbHO — KaXK/IbIA CTYZIeHT OTBeYaeT Ha OJJUH UM HeCKOJIbKO BOTIPOCOB, /laBasi
pa3BepHYThLIN, CBA3HBIN OTBET, UaCTO C IPUMepaMU U MOsSICHEHUSIMHU.

KombuHupoBaHHO — coueTaroTcsi 00a Mo/ixo/ia, a TakyKe UCTI0/Ib3YTCS JOTIO/THUTE TbHbIe
MeToZbl (HanprMep, MMCbMeHHbIe KapTOUYKH, pelieH3pOBaHue OTBETOB TOBapHILiei)

KpuTtepun oneHUBaHus.

IMMOJ/IHOTA U MMPaBHUJ/IbHOCTb OTBETA,

IMOHMMdHHE U OCO3HaHHOCTb MdTepHaJid;
JIOTUYHOCTH U M1oC/1e10BaTe/IbHOCTE M3/10)KeHN I,
KOPPEKTHOCTb TEPMHWHOJIOTHUH;

CII0COOHOCTHL OTBEUaTh Ha YTOUHSIOIHE BOIIPOCHI
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6.2 OueHouyHbIe Cpe/ICTBA /I/IfA MPOBe/[eHHs TPOMEeXyTOUHOU aTTecTaluu

6.2.1 Kpurepun wu cpeacrBa (MeTo/bl) OLEHMBAHUA WHJUKATOPOB [OCTHIKEHUS
KOMIIeTeHI[UHM B PaMKaX MPOMe)XyTOUHOM aTTecTaluu

CpeactBa
(MeToppBI)
HpuKaTop AOCTHKEeHUA
Kpurepuu onleHUBaHUsA OLleHUBAaHUSA
KOMIIeTeHI[UH .
NMPOMEe)KyTOUHOU
arrecTanuu
[TKC-5.4 MOMHOTAa W TPABWIBHOCTh  OTBETA; | YCTHBIN OMPOC

MOHMMdHHE W OCO3HAHHOCTb MdaTepHdJid;
JIOTUYHOCTDb u moc/ie40BaTe/IbHOCTb

U3JI0KeHHUS;

KOPPEKTHOCTh TePMHUHOJIOTUH;
CNoCcOOHOCTh OTBEYATh HA YTOUHSIOIIHE
BOITPOCHI

6.2.2 TunoBbie OLieHOUHBIE CPeICTBA MPOMEXXYTOUHOM aTTecTalu

6.2.2.1 Cemectp 7, TunoBble oLjeHOYHBIE CPeCTBa /IS IPOBe/jeHUs 3ayeTa 110
AUCLMIIUHE

6.2.2.1.1 Onucanue npoueaypsl

K 3aueTy f0MyCKarOTCs CTYZeHThl CZaBIIMe BCe OTUeTHI 110 1abopaTOpHBIM (TIPaKTUYECKHM)
paboram. 3auéT npoBoAUTCS B (hopMe YCTHOTO OpOca WY TeCTUPOBaHMUsl, BK/IIOYAOLIero 5
BOIPOCOB — [0 OIHOMY U3 Ka)K/J0li OCHOBHOM TeMbl Kypca. B HeKOTOPBIX C/lyuasix [0ImyCKaeTcs
KOMOWHUpOBaHHasi popMa: TecCT + yCTHBIN OIpoc.

BpewMsi Ha OTBeT orpaHUUYeHO, OTBETHI JO/DKHBI OBITh UETKUMH, JTIOTUYHBIMU U
apryMeHTHPOBaHHBIMHU.

B ciiyuae Hey10B/IETBOPUTENIHLHOTO Pe3yJibTaTa CTYEeHTY TPe/i0CTaBIIsSeTCs BO3MOYKHOCTb
riepec/iauu B yCTaHOBJ/IeHHbIE CPOKU. [1py MOBTOPHOM He cZlaue BO3MOJKHA [IOTIO/IHUTe/IbHAast
KOHCYJIbTaL[Usl U UHAWBHAYanbHOe cobecenoBanre. O1jeHKa BBICTAB/ISIETCS T10 IIKajie C YI6TOM
TIOJTHOTBI ¥ TIPAaBUJIbHOCTH OTBETOB.

Bornpocer fy14 TOArOTOBKYU K 3a4eTy:

1. Yro npescTaBsieT coO0i NpsiMasi KUHEMAaTHKa U KaKOBbI €€ OCHOBHBIE ()OPMYJIbI /ST 2-
oceBoro crabunnsatopa Mmarautomerpa bIT/IA?

2. OOBsICHUTE POJTb MAaTPHULILI BPALLIEHHUST U OJJHOPO/JHBIX TIPe00pa30BaHU B KWHEMATHKe
rumbana BITIA.

3. B uém 3akmrouaeTcs nnpuMeHeHre DH-mapamMeTpoB /i/1s1 onucaHusi ctabummsaTopa
TI0/Ie3HOU Harpy3Ku OecruIOTHUKA?

4. Kak sikobuaH CBsi3bIBaeT yI/I0Bble CKOPOCTU C€PBOMNPHBO/IOB CTabUIM3aTOpa C
JIMTHEUHBIMU CKOPOCTSIMU MarHUTOMeTpa?

5. Kakue quHamMuuecKue ypaBHeHHs UCIOJIb3YIOTCS AJIs1 MO/Ie/TMPOBAaHus CTabuin3aTopa
BIIVTA 1 Kak OHU YUUTBLIBAIOT KPeHa/TaHraxka?

6. Onuimte npyuHIUN paboTel ¢punbTpa KammaHa 1 ero puMeHeHue /1St CJTUSTHUS AHHBIX
IMU u GPS BIUIA.

7. B uém pasHuiia mexxzy uHeHbIM (UabTpoM KanMaHa v paciivpeHHbIM (PUIbTPOM
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Kanmana (EKF) ans HaBurauuu BITJTA?

8. Kak komnieHcupyetcs apetid rupockono IMU B WHepLiMa/ibHOM HaBUTal[MOHHOU
cucreme OeCrMIOTHHKA?

9. [Tepeuncnure 3Tansl anroputma Canny /s JeTeKL[UM KPaéB Ha a3po(OTOCHUMKAX
BIUIA.

10. Kak paboraeT npeobpa3oBanuie Xoda A/isi BbleeHHs] TUHUM pa3/IoOMOB Ha CHUMKaX
MecTHOCTH C BITJTA?

11. B uém cyTh ontudeckoro rotoka Lucas-Kanade v ero nprmMeHeHue /151 CTaOHUIM3avu
kameps! bIIJIA?

12. OO6BsicHUTe PUHLIUT paboThl anroput™Ma A* u popmysty 3Bpuctuueckort pyHkimu f(n) =
g(n) + h(n).

13. Uem oT/iMyaeTcCsl OKTa/nbHasl CeTKa OT 4-HarpaB/JeHHOM B a/IfOPUTMax IJIaHMPOBaHUS
Tpaektopuu BITJIA?

14.  Kak yuMTBIBalOTCsl OrpaHHuUeHusi baTapeu v BeTpa MpH JAWHAMUUECKOM TUIaHUPOBaHUN
TPaeKTOPUU MarHUTOMETPUUYECKOU ChEMKU?

15. B uém pasHuiia Mmexxay BeposITHOCTHbIMU JOpOXHBIMU KapTamu RRT u RRT* s
obxopa mpensitctBUi BITJTA?

16. [Tepeuncnure Tuns! HuppoBbix GuabTpoB (FIR, IIR) 1 ux nprMeHeHue /17151 OUMCTKU
MarHuToMeTpuueckux JaHHbIX BITJIA.

17.  Kak 6wicTpas guckpetHas TpaHchopmarus @ypoe (FFT) ucrnonb3yercs s aHaim3a
1IoMeX OT MOTOPOB OeCnM/IOTHUKA?

18. O06mbsicHHTe PUHIUT paboThl notch-bunbTpa Ans yaanenus rmomex 50/100 I’y B AaHHBIX
MarHMuTOMeTpa.

19. B uém cytb mogenu IGRF 1 Kak oHa nprMeHsieTcs /1J1s1 KOMIIeHCaLljuu CyTOYHbIX
BapualMi MarHUTHOI'O T0JIsA?

20. Onumumte cTpykTypy GeoJSON datina ans xpaHeHus: Tpaektopuu BITJTA 1 Todek
MarHMTOMeTpHUYEeCKUX 3aMepOB.

21. Kakwue cranzapTel 06MeHa reofianHbiMu (Shapefile, KML, GeoTIFF) ucnonb3yroTest asist
pe3ysnbTaToB CbEMKU BIIJIA?

22.  Ilepeuncnute ocHoBHble TOUKU ROS2 nngs MAVROS-mocTa (/mavros/imu/data,
/mavros/global_position).

23. B uém pasHula MeXXJy TOMWKaMH, CepBUCaMU U JiecTBUSMU B apxutektype ROS2 s
ynpasyenus BITJTA?

24. O6mbsicHrTe NpUHIUT paboTbl MA VLink-ripoTokosia 1 Ha3HaueHHe KOMaH/IbI
DO_SET_MODE AUTO.

25.  Kakue anroputmel otkasoycroiunBocty (RTL, failsafe) npumeHsitoTcsi B aBTOHOMHBIX
cuctemax BITJTA 11 MarHUTOMeTPUUECKON ChbEMKU?

6.2.2.1.2 Kpurepuu ornjeHUBaHHUs

3auTreHo He 3auTeHo
BBICTABJ/ISIETCS CTYAEHTY, TBEPAO 3HAIOLEMY BBICTaBJISIeTCS CTYZI€HTY, KOTOPbIY He 3HaeT
TpOrpaMMHBIN MaTepuasl, TpPaMOTHO U T10 3HAUUTE/IbHOM YaCcTH MPOrpaMMHOT0
CYILIeCTBY €ro M3/ararollemMy, KOTOpbIi He Marepuasa, J0IMyCKaeT CyleCTBeHHbIe
JIOTyCKaeT CyL[eCTBEHHbIX HETOUHOCTE! B OIIIMOKH, He MOXKeT OTBETUTDL Ha
OTBeTe Ha BOMPOCHI, IPaBU/IbHO NIPUMEHSIET JIOTIO/THUTE/IbHbIE BOIIPOCHI
TeopeTHhUeCcKye MOJI0KeHUsI IPU pellieHU!
MpaKTUYeCKUX 3a/jay;
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KOHCY/IbTal[|i, TEKYIIIEro KOHTPOJISI ¥ TTPOMEXKYTOUHOM aTTectari. OCHaIlleHe: KOMITIEKT
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