hud

<
S

=y

13

13
of

F-Ql oA "l A|ojr] W]
247, gAY, 937
SEES

seonkyo.kim@gmail.com

Comparison of flight controllers for broadband distributed beamforming

Seon-Kyo Kim, Cheol-Sun Park, Sun—Phil Nah, SungJin Jo, Jaewon Chang, Gyungmin Kim

Agency for Defense Development

2

ok
o

A 7l olEAZE A Wi R T5ol A F A9H A5 HAE g Bl 24 WEA Al @4 XS 1S fAETE
A

Ejgo] W Aol FR3T, ol vieht 2L o5 89l% Allsha mEo] Al ARoIA HFA 2

LEE FAE] 918l H Y

o1 7](Flight Controller)7} E2& drpt AustA Aojsh=Ald] EHtta & ¢ vk & w=ioll A= Fo e 24 W& st &8 74 o] &4

ARE s AA A1 L v A7) 39 3T AdHste] ZRAN, 2RE AN, BE FF 5SS vl Ageet
olgA % HF A7) erAlgel FaAsE &dd - ge AR Vg,

A)g AEHAZ 93 43 T ol EAS 54 W FHz )
R g A e aRe) 9217 gslofol WA A
Stk whok vl aAje] $17F 1A Eohn E5)

Alo17](Flight  Controllers),
T 7MEEA, 719, GNSS, 7] A 72 5§97

rkdg 2

x o B

oy 2

o o o

z ol =

rO B H
N fo

2NN o R

N

Z o =

O

ofy

oft

Jpr

>

2

huipd

b

g

o

i Lo
Y
=5
to
S
N
N
i3
o=
st
4
%9,
R
=

19 AAl(Attinde) & 7] 919)
o Eulg A Ao|zr
IMU)SE AR71AA, - GPS,

lo
jud)
-

nooe
X

|
rl

WEEATE FRE B
RTK(Real-Time Kinematic) 5-°] A}
2wl e B s 3l ol 5A ARE
el dAl 2" FE v Ao F 4% 3% (CUAVAKSY X7+
Pro, HolybroA}2] Pixhawk 6X Pro, CubePilotAte] Cube Orange+)<
Mdate] ZEAA, 2HE JA, RE F57 9 249S vl Feeth

i\
o
o

N

rl

op

ol
.
xQ,

o

o
Ho
N

L. "3 A|o}7] At wlaL
21 ZEAA

STrlo|azddEZ Y20 32HE Arm Cortex MCU STM32H7
AZ2[3e) 335 rlola AESHF ZR AN Wl Aoi7)o] we
CEEEERREETEEY

X 1L Z2AA vl

Az b CUAV Holybro CubePilot
o Pixhawk 6X
AE X7+ Pro P Cube Orange +
ro
EZAA STM32H743 STM32H753 STM32HT757
Cortex-M7
Cortex-M7 Cortex-M7
o] - . Cortex-M4
A=) A=) (5l
400MHz (MT)
e 480MHz 480MHz
200MHz(M4)
Flash
2MB 2MB 2MB
memory
RAM 1MB 1MB 1MB

CUAVAFS] X7+ Prox STM32H743, HolybroAte] Pixhawk 6X Pros
STMB32H753, 28] 32 CubePilotA}e] Cube Orange+:= STM32H7572.2
3% BT OE Z2AAZ gAE A STM32H7432F STM32H753-2
32°]E Arm Cortex-M7320](0]§ A= -5 254 42 ZHE A
40MHze] €8 &%= A5HT STM32H7532 STM32H743 viH]
dasl/Eial =l TH: 7lsol  FUbE AFolth A
STM32H757& 3281 E Arm Cortex-M7(0]% AYUE Y5 258 X
¥ Cortex-M3(HY AYUE HF 254 A st A3
T AFoE A/ F=go] 71 V)T o] 2§E ] Qirt Al
A% 25 Flash memory, RAM €32 2MB¢} IMBZ 43t} 3712
HolybroAl¢} CubePilotAR= STMB32F103 (32H]E Arm  Cortex-M3,
72MHz, 64KB SRAM)[3]7} o #=te 1A=
Y& dEshe [I0Z2AA9 CPUZE BI8AAR1 F2tolu ol
2R Al A" MRS FASRE ZRAAMR AEE] HE A0]7] ¢

=
g AEES v =Y

Al 242}

&
30,
tlo
pocy
9,
o



22 LHE AA

H|8] Ao]7]d= &&e
Ao momm A2 A,

AA 2 ElBe Aofes] 91 Ak,
7197 5o There A EAse] Sl

T2 LHE AN v

Az b CUAV Holybro CubePilot
_ Pixhawk 6X Cube Orange
A& X7+ Pro
Pro +
ADI16470 ADI16470 ICM-42688-P
(+40g) (+40g) (+16g)
(+2000dps) (+2000dps) (2000dps)
IMU ICM-42688-P 1IM-42652 1CM-20948
¥E=A) (+16g) (+16g) (+16g)
(Apolz iz ) (+2000dps) (+2000dps) (+2000dps)
ICM-20689 ICM-45686 1CM-20649
(+16g) (+32g) (+30g)
(+2000dps) (+4000dps) (4000dps)
BMM150
A 217 ] ALA RM3100 (#1300 Tox v ) 1CM-20948
22 e + ’ +
(54 W4 (£4900uT) (49500,T-2%) (£4900uT)
MS5611 1CP-20100 MS5611
715HA (10~1200mbar) | (30~110kPa) | (10~1200mbar)
(24 W9 MS5611 BMP388 MS5611
(10~1200mbar) | (300~1250hPa) | (10~1200mbar)

% dps=degrees per second

A 24 A2(IMU)= Analog DevicesAte] ADIS16470[4]2F TDK
AL Invensense  AlET-(ICM-42683-P, ICM-45686, IIM-42652,
ICM-20649, ICM-20689, ICM-20948)[5]¢] ==|lch. Hlg #o7]

% IMUE 3% $502 gAs)A g Alxelst o&aiA] ¢ 359
AA oz Al dis 3 4 9l FxE Ho] 9o AFAAS 6
=4tk 183 IMU 3% F 22 34 9 s g8 93 w=
7IAH o2 AglE of(isolated) AT

e

A
o
=

a9 2. ICM-45686[5]

19 1. ADIS16470[4]

TDKA}]

7V AZE Ags 65 MEMs(Micro-Electro Mechanical Systems)

-3 —irZq A ZA +4000°/sec] &4 W ol A 2149 +32g9)
ER

Invensense ICM-45686% 3% Apo|Zaxxel 3%

HJ i 7HEEE ZAT F glojM v AFE oA
$<altt, 28]l Analog DevicesAtY
ADISI6470—8— 2% MEMsZ 35 UAE Ao] 24528 3% 7HEEA 7}
Wgse] Z2h +2000%/sece] 54 W WellA Z&mel £40g9) W
T e U 7S SAY T slef Hal AF FelA JHEEA

Hizol 74 ol

5ol

29 3. BMMIS0[7]

2% 4. RM3100[6]

AA7] AME AT ZA7)e 2A4e= AAEA, PNI SensorAkY
RM3100[6], BoschAhe] BMMIS0[7], TDKAR] TCM-20948[5]¢] 27}
A% RM3I00 AAe] 38 Wel= +4900uT, BoschAle]
BMMI50& A LOIZ 03-14uT) 7} 5431 3% Azp7] AANEA X,
Y& £1300uT, 75 £2500pTe 24 W8lE z+=rh. TDKAM
Invensense ICM-209482 335 71457, 35 Afo| 223X 3% A2
AA7F Aget 9% MEMs #349 $4 FA2A £4900uTe] &4

W% 2o

l

IN

219 6. BMP333[7]

A3t rﬂsy—,%
WY Aozl FHE G T

a9 5. MS5611([8]

719 AME =2 1k 4 2 54 YAE
ekl ol AREETh 3%
Connectivity AF] MSH611[8], TDKAFY] Invensense ICP- 20100[8]
Bosch AR BMP3R[7]Z H|& Alof7] AzAle 7194 AAE 270
FHog A Al4s wolnAt sk 7 7|9 Alxe =A

Mol 320 #E718kTh

23 B= 3R% ¢ 334
A ZAF 33 Fol A4 HolybroAl’} Mini, Standard, ~22]3L Rasberry Pi,
NVIDIA Jetson RE=7F @215 H]&) #lo]7] & 7P 2o o] HEs
Fokn itk gz AP R 385 GPSoHU, RTK 2%
}8l % (Optical Flow) A4 5& #ufsta glojA 1dd ZAMYS

AsA ol FR7)71Ee] AR asE s Aot

I
5
=

G}

9,
ffl
2
g
R
o,
By
2
)
ko
—
>
o2
=2,
o
=
>
Al
fi
i
oo
i)
-+ OSL
%0,

ACKNOWLEDGMENT

2R ARG AL M EATY AN
915087201) 8 E3l A7k A=Ak

Frid

[1] Q. Wang, W. Wang, S. Suzuki, A. Namiki, H. Liu, Z. Li" Design
and Implementation of UAV Velocity Controller Based on Reference
Model Sliding Model Control,” Drones, MDPI, vol. 7, no. 30, pp.
1-21, 2023

[2] M. Waliszkiewicz, K. Wojtowicz, Z. Rochala, E. Balestrieri” The
Design and Implementation of a Custom Platform for the
Experimental Tuning of a Quadcopter Controller,” Sensors, MDPI,
vol. 20, no. 1940, pp.1-29, 2020

3] https://www.st.com

4] https://www.analog.com

5] https://Invensense.tdk.com

6] https://www.pnicorp.com/rm3100/
7] https://www.bosch-sensortec.com

[
[
[
[
[
[8] https://www.te.com/en/product-MS561101BA03-50.html



