S E S 2 021
Seventeenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
20 — 22 October 2021, Sofia, Bulgaria

TENEMETPUYHA CUCTEMA 3A XAPAKTEPUCTUKUTE HA NOJIETA HA
BE3MUIOTEH ENEKTPUYECKU KBAOPOKOIMNTEP

MaBnuH NpamaTukoB

WHcmumym 3a kocmuyecku uscnedgaHusi U mexHonoauu — bbrzapcka akademusi Ha Haykume
e-mail: pgramamatikov@space.bas.bg

Knrwoyoeu Aymu: Tenemempusi, JlemamesiHu xapakmepucmuku, 6e3nuinomeH efiekmpuYecku
keadpokonmep, enekmpudecku napamempu, ArduPilot, Mission Planer, Linux, Mavlink

Pe3rome: M3cnedsaHa e mernemempuyHa cucmema 3a rapamempume Ha rosiema Ha efleKmpuyecku
Kkeadpokonmep 8 pasfu4yHU KOMyHUKaUUOHHU mexHosioauu. Pa3sanexdam ce 6510k -cxemu Ha 6opOHama Yacm Ha
cucmemama. lNpunoxeHu ca epaghudHu 0aHHU OM eKcriepuMeHmarsiHu noaemu.

TELEMETRY SYSTEM OF FLYING CHARACTERISTICS OF AN UNMANNED
ELECTRIC QUADCOPTER

Pavlin Gramatikov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: pgramamatikov@space.bas.bg

Keywords: Telemetry, flight characteristics, unmanned electric quadcopter, electrical parameters,
ArduPilot, Mission Planer, Linux, Mavlink

Abstract: The telemetry system for the flight parameters of an electric quadcopter in various
communication technologies was studied. Block diagrams of the onboard part of the system are considered.
Graphical data of experimental flights were applied.

BbBeneHune

M3BecTHM ca MHOTO cMCTeMU 3a ynpaBrneHne Ha MynTukontepu. IHTepec 3a nscnegosartenure
npeactaengasaT xapayepHu nnatgopmu ¢ otBopeH koa (OSHP). B [7] ca pasrnegaHn geset OSHP
(Bwx cour. 6). MonynspHu ca Tpu OT TAX, NpUTEXaBalm 6opaeH n HaseMmeH codpTyep: Betaflight; INAV
n ArduPilot https://ardupilot.org/. Boratn Bb3mMoxHOCTU 3a TenemeTpus uma ArduPilot [5].

3a nocTturaHe Ha noBedve PYHKUMM U pexnmu Ha AP ce m3anonssar Linux 6asnpaHn 6opgHu
KOHTpONepu, KOWUTO MocnegHuTe roauHM ce npegrarat OT Bce MNOBeYe MPOU3BOAUTENM
https://ardupilot.org/copter/docs/common-autopilots.html#common-autopilots. 3atoBa 3a paspaboTka
Ha GopdeH mMoayn 3a eKCnepuMeEHTasnHW MOoSieTU C MyNTUKOMTEPU C Uen NpoyYBaHe Ha TEXHUTE
netaTtenH1UTe XapakTepucTukmn e npegnoyeteH AP, 6asupaH Ha Linux.

3a TenemeTpusa LWe ce M3non3eaTr ABe Ha3eMHu cTaHuum GCS: Mission Planner [6] un
QGroundControl https://docs.qgroundcontrol.com/master/en/. Te pabotat ¢ Mavlink - npoTtokon 3a
MHOPMaLMOHHO B3aMmogencTeue mexay 6opg u 3emsa  https://ardupilot.org/dev/docs/mavlink-
basics.html. Ton nma LGPL nuuens ¢ mogyn 3a python, header-only, C/C++ 6ubnuoteka. 3acera ca
3aBbplleHn aee Bepcum Ha MAVLink: v1 u v2. MNpotokonbT MAVLink (paspaboteH 2009 rogmHa ot
Lorenz Meier https://www.linkedin.com/in/meierlorenz kogupa v paskoauMpa naketu u npegasa faHHU C
pasnuyHu XapayepHu u codtyepHu cpeactea. Hanpumep TCP/UDP cbo6LieHuns, cepueH nopt unm
Apyr ABYNoco4YeH 06MeH.

Mpn mnsnonssaHeto Ha AP OCHOBHOTO OrpaHuyeHwe 3a GopaHUs Xapayep € pasMepbT Ha
dnaw-nameTTa Ha FCU, HyxxHa 3a 06emMucTuTe HOBU Bepcumn Ha GopaHusa codpTyep, HyXaaewm ce
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MUHUMYM OT 1 MB RAM. lNpn HepocTur Ha RAM ce ry6at vact ot cdyHkuuute: MAVFTP, Compass
Calibration, Logging, Terrain downloading.

XapayepHa 4acT Ha npoekTa

Be wu3bpaH koHTponep BBB, npenopbyaH ot AP 3a HoBM pa3paboTkm M npuTexaBall
nepcrnekTUBHU pecypcun Ha xapayepa. https://ardupilot.org/copter/docs/common-beagle-bone-blue.html

B Tabnuua 1 ca cpaBHEHM NONETHUTE KOHTPOMNepu OT CTapo M HOBO nokoneHue Pixracer R15
n BBB. lNpeanumcTtea Ha BBB ca: srpagenun komyHukaums WiFi n Bluetooth; 6bp3 4GB eMMC flash;
pabota ¢ BbHWeH aucnnen https://gist.github.com/jadonk/0e4a190fc01dc5723d1f183737af1d83
(Adafruit 2.4" TFT LCD with Touchscreen); He3aBUCMMO 3axpaHBaHe OT akymyrnatopHa baTepus;
rpachmyeH npouecop power sgx530 1 Tpu BrpageHn npeobpasyBatens Ha HanpexeHne DC/DC (BEC),

JlecHo npunoxumu nHtepdericn Ha BBB ca: GPS, DSM2 radio, UART x5, SPI x2, 12C, 1.8V
ADC, 6 buttons, 11 LEDs, CAN, 3.3V GPIO, USB 2.0 client and host, Bluetooth 4.1, WiFi-802.11bgn.

Tabnuua 1. MoneTHn koHTponepu BBB n Pixracer R15

MCU IMU Baro- osD Blackbox | Soft | Sensor | BEC Telemetry

meter [V]
Linux (Debian), ROS | MPU- | BMP280 | Yes MicroSD | AP | Batteryl | Vbat2S | Bluetooth-
Octavo OSD3358 | 9250 4GB Battery2 | 5V 4.1 BLE
1GHz ARM Cortex-A8 | 9-axis UsSB 2.0 6V WiFi-
512MB DDR3 RAM client and 802.11bgn
4GB eMMC flash host Telemetryl
ARM Cortex-M3 Telemetry2
STM32F427 168 MHz | MPU- | MEAS ST MicroSD | AP | Batteryl | no Telemetryl
256KB RAM 9250 | MS5611 | LIS3MDL | 4GB Currout Telemetry2
2 MB flash magneto-

meter

Ot Ha owr. 1-a,6 e nokasaH ynbT OSD3358 Ha 6opaHus egHOMMaTKOB KOMMOTBLP B KOPNyC
single BGA 27x27 mm, https://octavosystems.com/docs/osd335x-datasheet/ kakto u gpyr xapayep:

-Texas Instruments Sitara™ AM335x ARM® Cortex®-A8 Processor

-1 GB DDR3L Memory

-TPS65217C Power Management IC

-TL5209 LDO and over 140 Passive components

400 Ball BGA (27mm x 27mm)

)
1| TPSe5217C Graphic Displa
} ARM Cortex-A8 To P R P2y
- Up to1 Gz s TPS65217C TI N335 System
E Power SG)I(TX == = Power In 5V; ARM® Cortex®-A8
i 5 32K L1 Icache + SED 3DG ouch screen controller - DC, USB, Li-ion Battery e Vot Chz etk . ?lz)cb.(fsih;nne“
5 7 b
: 32KiL1.Deache +/SED Crypto PRU-ICSS ?°':e;v° v A - 32KB L1 Icache + SED , pRy-|CSS (PRUX2)
! R 256K L2 + ECC i EtherCAT, PROFINET, RERN - 32KB L1 Dcache + SED  , prc !
' . | A
\ Tenron ] cacram shared EtherNet/IP and TL5209 256KB L2 cache + ECC « Timers x8
K more + 64KB dedicated RAM + aHRPWM X3
H RAM Power Out: e A x3
H « 64KB shared L3 RAM « eQEP X3
| Up to L3 and L4 interconnect ] eCAP x3
! ] Parallel RSSO
E 1GB DDR3 System Serial Parallel « MMC, SD and SDIO x3 + Crystal oscillator x2
' ADC (8 channel) eDMA UART x6 MMC, SD and « GPIO x114 « JTAG
H 12-bit SAR RTC SPI x2 SDIO x3
1 "
: WDT Timers x8 12C x3 GPIO x114 Serial LCD Display
' JTAG eHRPWM x3 CAN x2 « UART x6, SPI x2, 12C x3  + Up to 24-bit color
! Passive Crystal €QEP x3 MCASP x2 * MCASP x2 (4 channel) + 3D Graphics Engine
i | Components Oscillator x2 eCAP x3 (4 channel) + CAN x2 (Ver 2Aand B)  » Character Display
H USB 2.0 HS OTG + PHY x2 = USBZ.0HS OTG+PHY x2  + Active Matrix LCD
H Memory Interface EMAC (2-port, - + Ethernet 10/100/1000  » Passive Matrix LCD
\ port) 10/100/1000 herne assive Matrix
\ [ NAND and NOR (16-bit ECC) | IEEE 1588v2, and switch passeconpupent 2-port and switch « Touch screen

dur. 1. a,6. briokoBa cxeMa Ha koHTponepa Ha BBB https://octavosystems.com/docs/osd335x-datasheet/

Mpu npounsBonHa koMOMHaUMA Ha BXxogHuTe natovnuum (USB nopt, 5 V ot agantep unu egHa
NUTUEBO-MOHHA GaTepusi) Mukpocxemata TPS65217C (Bwk dur. 2a,6) uma cnegHute GYHKUMM
https://www.ti.com/lit/ds/symlink/tps65217.pdf?ts=1634134805150&ref_url=https%253A%252F%252F
www.ti.com%252Fdocument-viewer%252FTPS65217%252Fdatasheet%252Fdevice-images-dv:3apsaa
Ha efHa KneTka NUTUEBO-MOHHU WNKM NUTUMEBM OaTepuu; edvH MoBuwaBall npeobpasyBaTten 3a
3axpaHBaHe go 10 ceeToamoaa; Tpy NOoHMWKaBalum npeobpasyBatens ¢ paboTHa yectoTa 2,25 MHz 3a
A0poTo, NameTTa 1 cuctemarta. Pasmepute Ha TPS65217C ca 6 x 6 mm.
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Yunbt TL5209 LDO npepnctaBnsiBa HUCKOLLYMSILL, aHanoOroB perynatop C HUCBbK cnag Ha
HanpexeHue un ocurypsea 3,3 V. https://www.ti.com/lit/ds/symlink/t15209.pdf?ts=1634130830520

C gBa unna TB6612FNG6, 3axpaHeHun ot V_BAT (6,6+8,4 V) ca peanuanpaHn 4eTpyu MOLLHU
OpanBepu 3a YeTUpm NOCTOSHHOTOKOBW ABuraTens, (Bux dur. 3). Bcekn nsaxoa e nanbnHeH B cxema Ha
nbneH mocT. EavH ymn ynpaeBnaea gea gsynocovHm DC gBuratens unu eguH GunonsipeH CTbMKOB
osuraten. 3a eawH m3xon 3a guratens ce gonyckat 3 A makcuneH 1 A NOCTOsIHEH TOK.
https://lwww.tme.eu/Document/f69c44f5b284761d41alfa952256eb8d/TB6612FNG.pdf .

Uma Ttpn pexuma Ha gsuratens: CW; CCW; short brake and stop mode. BbamoxHu DC
peuratensa ca Hobby Gearmotor - 140 RPM 1 Hobby Motor — Gear.

Ha owr. 4a e pageHo cebp3BaHeTo KbM 2S BGaTtepusa V_BAT n BbHWHO 3axpaHBaHe VCC B
ananasoHa ot 9 V go 18 V. 3a akymynartop ce npenopbyBaT 1 Ah 2S 20C LiPo unu 1,6 Ah 2S 20C. Ha
dur. 4-a,6 ca gageHu aea npeobpasyBartensi: BEC-5V ¢ nsxogHa mowwHoct 20 W, KOWTO € n3rpageH ¢
unn AP1509 n BEC-6V, uanbnHeH ¢ unn AOZ1284. Kbm nsxoga Ha BEC-6V moxe ga ce cBbpxar
cnegHute cepo motopu: Parallax Inc. 900-00005 Standard Servo; Hobby King SKU HD-1900A wu
TowerPro SG92R-7.

Ha owr. 5-a,6 ca gageHu ceHcopbT BMP280 3a 6apomeTtpuyHa BucoumnHa https://www.bosch-
sensortec.com/media/boschsensortec/downloads/datasheets/bst-bmp280-ds001.pdfq KaKTo "
ceHcopbT MPU-9250 3a IMU https://github.com/bolderflight/MPU9250/blob/main/docs/MPU-9250-
Datasheet.pdf . Ton cbabpxa gatymum Ha Xon u uma pasmep 3x3x1 mm. OcbliecTssiBa 3 pyHKUNW;
XXMpockon no 3 ocu; akcenepoMeTbp U MarHUTOMETHbP Mo 3 ocu.
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dur. 2-a,6. Cxema Ha TPS65217C https://www.ti.com/lit/ds/symlink/tps65217.pdf
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MOTOR DRIVERS

2A 5V Regulator
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dur. 5-a,6.,8 BEC 3a 2S LiPo 6aTepusi, uspaBHuten u 3awuta Ha asa USB Bxoaa.

C ynn MP2615 https://www.monolithicpower.com/en/mp2615.html npu BXOAHO HanpexeHue ot
9+18 V ce 3apexpa 2S LiPo 6atepus ¢ nporpamupyem Tok Ao 2 A (Bux dur. 5a). PaboTtn ¢ yecTtoTa
760 KHz n uma gBa nsxoga 3a cBeToaMoaun - Kpar Ha 3apsida v BanuaHO BXOOHO HanpexeHue.

YunbT BQ29209 https://www.ti.com/lit/ds/symlink/bg29209-q1.pdf cneam 3a npesapsg no
HanpexeHue 1 banaHcupa npu 3apsg ABe NUTUA-MOHHK GaTepun (B dur. 56). [IBata USB BXxoaa ca
3alWnTEeHN OT NoBpeda no npeHanpexennst ot TPD4S012 (Bwx dur. 58). Bcekun oT Tsx Mma 2 LeHepa u
6 guopa 3a 3awmta Ha USB curHanute D+, D— wu ID. https://www.ti.com/lit/ds/symlink/tpd4s012.pdf
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CodpTyepHa 4yacT Ha npoeKkTa

BBB paboTtu cbc cnegHusa codptyep https://wiki.seeedstudio.com/BeagleBone_Blue/: Debian,
ArduPilot, ROS, Graphical programming with LabVIEW, Cloud9 IDE on Node.js w/ BoneScript library un
ap. HanpaeeHa e mHcTanaums Ha Debian Linux u ArduPilot Ha 6opaHaTa YyacT Ha TenemeTpuyHaTa
cuctema. [pu nocrtaBsHe Ha copTtyep Ha BBB ce nosaBsBaT Tpu OCHOBHM 3ajauu
https://github.com/mirkix/ardupilotblue :

A) UHcTanupaHe Ha Linux

1. Update software: sudo apt update && sudo apt upgrade -y

2. Install software: sudo apt install -y bb-cape-overlays cpufrequtils

3. Set clock to 1GHz:

sudo sed -i 's/IGOVERNOR="ondemand'/GOVERNOR="performance"/g' /etc/init.d/
cpufrequtils

4. Update scripts: cd /opt/scripts && sudo git pull

5. Maximize the microSD card's existing partition: sudo /opt/scripts/tools /grow_partition.sh

6. Install RT Kernel 4.9: sudo /opt/scripts/tools/update_kernel.sh --ti-rt-channel --lts-4_9

7. Specify device tree binary to be used at startup:

sudo sed -i 's/#dtb=/dtb=am335x-boneblue.dtb/g' /boot/uEnv.txt

8. Reboot system: sudo reboot

B) MHcTtanupaHe Ha ArduPilot

1. Download ready compiled ArduPilot file from http://bbbmini.org/download/blue/

2. Copy file via SCP or microSD

B) Hactpowku Ha ArduPilot

1. ArduCopter: sudo /home/debian/arducopter (plus parameter)

2. Set the right value for SERIALXx_BAUD and SERIALx_PROTOCOL

3. Connect a MAVLink groundstation with:

IP 192.168.178.26 add -C udp:192.168.178.26:14550

4. To use MAVLInk via radio connected to UART4 add -C /dev/ttyO4.

If there is a GPS connected to UARTS5 add -B /dev/ttyO5

Tyk nponsBoauTenar € gan nogpobHo onucaHue https://beagleboard.org/upgrade.

BmecTo Linux moxe aa ce nHctanmpa ROS https://dscl.Icsr.jhu.edu/home/courses/edumip_ros/

Akcecoapute kbm BBB ce Hamupatr Tyk https://github.com/beagleboard/beaglebone-
blue/wiki/Accessories . Ha ®ur 7a e nokasaHu Tpu npoueca cebp3aHu ¢ BBB: Remote NDIS Compatiblle
Device, BEAGLEBONE, USB Serial Device (COM14). Ha ®dur 76 e nokasaH Cloud9 IDE, ynpasnsBsaLy,
BBB. Ha ®ur 76. Ha ®ur 78 1 ®ur 8. uma gaHHn n HacTporikn Ha Tenemetpusita Ha GCS MP no WiFi.

Collection of but not limited to, supported features for OSS flight controller platforms.

Platform Airframes Autonomous Flight ~ Communication Fault detection and handling Features

Hack flight mr(4) - pm,sb,ds,msp - -

Cleanflight mr(1-8)/fw sph,swp sb,ib,sd,sh,pm,pw,cf,jeb,ds,xbu,fs,sp,ht,It,ml,sl,msp c2k,bvw g,bm,dl,rth,hf, ts,at

Betaflight mr(1-8)/fw sph,swp sb,ib,sd,sh,pm,pw,cf,jeb,ds,xbu,fs,sp,ht,It,ml,sl,msp c2l,c2k,bvw g,bm,dl,rth,hf ts,at

INAV mr(1-8)/fw fm,swp,sph sb,ib,sd,sh,pm,pw,cf,jeb,ds,xbu,fs,sp,ht,1t,ml,msp c2l,c2k,bvw,c2rl g,at,bm,dl,rth,at

LibrePilot*#*## mr(3-8)/fw sph, swp, atl sb,ib,sd,sh,pm,pw,xbu,fs,ht,ml,sl,msp c2k g,rth,bac,bm

dRonin**¥* mr(*)/fw sph sb,fs,ht,ml,ut,msp pa bm,dl,at,rth

ArduPilot mr(1-8)/fw svnf,sph,swp sb,pm,ds, fs,ml ar,sw,apr,sc,c2rl,c2l,¢2k,bll,gf grlg,loa,bm,rth, ***

PX4 mr(1-8)/fw sph,swp,fm sb,sd,ds,fs,sp,ht,ml,ir gf,c2k,c2l,c2rl,sc,apr g,rth,bm,dl rlg,loa,**

Paparazzi mr( +)/fw sph,swp,atl,fw,svnf pm,sb,xbe,ml ar,sw,apr,sc,c2rl,c2l,c2k,bll,gf g,pa,rth,bm,dLhf,ts,at,rlg,loa,bac
*: Not found in documentation; **: See parameters for more features [28]; ***: See parameters for more [29]; ****: Low source reliability; +: Limited by hardware;

Airframes mr: multirotor (number of propellers); fw: fixed wings; Autonomous thht sph: Satelite position hold; swp: Satelite way point navigation; atl: automatic
take off and landing; fm:: Follow me; svnf: Stereo vision navigation functions; Communication sb: SBus; ib: iBus; sd: SumD; sh: SumH; pm: PPM; pw: PWM; cf: CRSF;
jeb: JetiExBus; ds: DSM; xbu: XBUS; xbe: XBee; fs: FrSky; sp: SmartPort (s.port); ht: HoTT; 1t: LTM; ml: MavLink; sl: SRXL; ut: UAVTalk; msp: Multiwii serial protocol;
ir: Iridium SBD; Fault detection and handling ar: ADS-B receiver support; c2l: Landing when missing C2 link; c2rl: Return to launch or home after missing C2 link;
c2k: Kill supply for motors after missing C2 link; bvw: Battery voltage warning; ada: Auto disarm after timeout; apr: Automatic parachute release; sw: Safety switch to
en-/disable output to motors; bll: Land or return to launch if battery low; gf: Geofence; sc: Pre-Arm Safety Check for sensor error; Features g: gimbal compatible; pa:
Prevent arming when battery low; rth: Return to home; bm: Battery monitoring; dl: Data logging to flash; hf: Head free moving (yaw fixed); ts: Transponder support;
at: PID autotune; rlg: Supports retractable landing gear; loa: Lidar obstacle avoidance; bac: Battery mAh count;

®ur. 6. CpaBHeHMe Ha 9 nnaTdopMu € OTBOPEH kof Ha codTyepa [7]
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dur. 7-a,6,8. EkpaHu Ha: Device Manager; AWS Cloud9 n GCS MP Busyanuanpau, gaHHu no WiFi

WG
I gimballat

dur. 8. Cnucbk Ha XxapaKTepUCTUKM Ha NoneTa, npegaBaHn 1 3annceaHn ot GCS MP no WiFi

3akno4veHune

Ob6cbaeHa e Bb3MOXHOCTTa 3a TeNleMeTpUs B peariHo BpeMe Ha feTaTenHn 1 enekTpuy4ecku
napameTpu Mpu pearneH noreT B 3aTBOPEHO nomelleHne. N3BbplueHa e AByCTpaHHa KOMYHMKaLus no
WiFi n USB kaben mexagy 6opoa u 3eMHaTa CTaHUMsi Ha BaXHW napaMeTpu Ha noneta. 3a
BM3yanu3auusa 1 3anuc Ha netaTenHu napametpu Ha 6opaa ce uanona3ea MicroSD kapTa kaTto 4yepHa
KyTusa. B HasemMHaTa 4acT Ha TenemeTpuyHata cucteMa Ha nanton u cMapTdOoH ce Bu3yanusupa u
3anuncea n3obpaxeHneTo OT NuoTckaTa kaMmepa 3aegHo ¢ YacT ot OSD napameTpu Ha noneTa.

BnarogapHocTu

lMpoekTbT cTapTMpa C MaTepuanHoTo cbaenctBue Ha [lMbpBa YactHa EkcnepumeHTtanHa
Jlabopatopusi 3a Aepokocmudeckn Nacneasanus (MYEJTAKN) ,PanTt — Aepocneric” — EOO[, https://rait-
aerospace.com/index.htm. lNpegcTton 3aBbpLuBaHe Ha 6opaeH 6ok ¢ BBB n MoHTaxbT My Ha aBTopcka
KOHCTpPYyKUMsi Ha ocmokonTep ¢ Terno 12 kg (4G8M-12-SEA), paspaboTeH oT uHx. Panyo Topopos,
npe3naeHT Ha MYEJAKW. B cnegeawm nybnukaumm we nma gaHHum ot nonetn ¢ 4G8M-12-SEA.

Tabnuua 2. CnMcbK Ha CbKpalleHusaTa

ALT Altitde INS Inertial Navigation System
AP ArduPilot MAVLink Micro Air Vehicle Link
APM  ArduPilot autopilot MP Mission Planer

BATT Battery OSD On-screen display

BBB  BeagleBone Blue OSS Open Source Software
BEC  Battery Elimiation Circuit OSHP Open-Source Hardware platforms
CTUN Control Tuning PDB Power Distribution Board
ESC Electronic Speed Control PWM Pulse Width Modulation
FCU  Flight Controller Unit PCS Position Control System
FPV  First-person view. PM Power Module

GCS Ground Control Station RC Radio Control

GPS Global Positioning System ROS  Robot Operating System
GYRO Gyroscope WP Waypoint

IMU Inertial Measurement Unit UAV  Unmanned Aerial Vehicle
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