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A Study on the Altitude Measurement for the Safe
Landing of IR-UWB Radar-based UAV

Jae—Jun Lim

Department of Control & Instrumentation Engineering
Graduate School of

Pukyong National University

Abstract

It 1s expected that the following future will face various use
cases of UAV (Unmanned Aerial Vehicle), including our daily
life, industrial fields and military purposes. Further, it is
regarded that UAV should be utilized in various conditions such
as the increase in takeoff weight. However, these conditions may
cause a lot of mechanical problems including the malfunction of
state estimation sensors, the increase in impulse force and
securing flight time, which 1s a disadvantage for takeoff and
landing.

In this context, this paper have examined how to advance these
conditional problems, and it suggests the way of precision
altitude measurement in the unit of cm with cross—correlation
signal processing technique and band pass filter, using the

IR-UWB Radar which can be used for strong and precise state

_Vi_



estimation for environmental factors and consumes lower electric
power. In addition, this paper utilized the mission planner which
can monitor the state of UAV in order to check out takeoff and
landing characteristics of UAV, based on altitude data, and it
monitored the throttle for each state of UAV and servomotor
output data in real time. In addition, it repeatedly experimented
with takeoff and landing of UAV to get the throttle and the
output data. It also utilized the data and controlled the UAV of
bkg and conducted a landing test at the first altitude of 50cm
and the second altitude of 10cm to confirm the stability of UAV.
Likewise, In case of the currently developing UAV, it used
ABAQUS Explicit Non-Linear and simulated its landing

situations at the altitude of 10 cm to confirm its stability.
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S WAketE A AdY Fdie IR-UWBE €833 oH191[201].
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dolye e 19 333 £ =8y WAy 5Ad wet A&
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A 4 & IR-UWB Radar A3 A g

4.1 IR-UWB Radar 4 A3 A& A=At

IR-UWB #eolrg & TOAZ|H-E AF&3dte] Tx, o Rx 1He AIbAF gh&
S8 BA9e] Ag 2 EA FFE AL oju FAlE dHolE AlE
E 249 g4 2 F8 wolz=zkx xFTh wald EA9e AE
AEgsHA FA4s8t7] 98 dEe] A5 M 7iye] g sirH21l

e A s \j S
UWBPluse | | . | | T~ - -
generator Txfrontencl — . =35 - ]
\ J \ J -
RxAnt ="
e S N e N j o
Acquisition
And Rx front-end
rocessi
N P l 2 ¢ J \. J
Qutput

19 4.1 IR-UWB Radar System

IR- UWB Radar ° Al Heoly 235& 3t4 P2oz xd 4
21 4.1 ¥ 2211
N
= Zaks(t—Tk)-f—n(t) 4.1)
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Distance tracking
55

53.5

531

AP s i S e -
52 [

Amplitude (arbitrary unit)
2
o

51.5

51

200 400 600 800 1000 1200 1400
distance (m)

29 4.2 Raw Data Signal

1842 o] Raw Data Signal o= DC offsete] ¥3H 2lZoltt #HH

H 3k (direct conversion) WA 9 FAIV|E FI T

>
i
=
=g
>
1-011
rir
e
rO
)

o2 DC offset HASHA W o]z)dk DC offset= #@oj 4= A5 9
dilS 2ot A goz AMEel 7|AHE AAsted oEwS A7)
B =%oA = FIR Bandpass FilterE A Asle], 415 7|4 HAAEL oH

A s 84S ahHo=Z AA stazt skt

4.2 FIR Bandpass Filter 24

1o,
i)
T
X
(o]

o

(3

A AlEW FIR Al&F2 329 22 A A4

FEi= vEbd ¢ AHH211.

N M
yln)= — Zaky(n—k)-i— Zbkx(n—k) (4.2)
k=1 =0
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Hiz)=—F—— (4.3)

ojuf, A2l A3 H(z) o4, o] dAI3+E o/ &3] FIR ZE
= 8387 93k dElE Direct, Cascade, Lattice 7% %©°] 2 tH28].

H AFo = Direct-Form FIR Bandpass FilterS MATLAB FDA
Tools o]&3te] AAS AT 17 43, 44« W=~ HE Y ALSE Y

Bl o]t}

Magnitude (dB)

H’lkll ‘||H|‘H “ﬂ,“‘“\“‘w} \{"\f[}mm“]ﬁf

0 16 18
Fraqdenoj (GHz)

J

19 4.3 FIR Bandpass Filter Specification
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Response Type
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@) Highpass
(® Bandpass
(O Bandstop
O Differentiator
Design Method
O IR Bunerwor;h
© FIR Window

19 4.4 FIR Bandpass Filter Rosponse Type & Design Mehod
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19 45 FIR Bandpass FilterE £33 44135

4.3 Cross-Correlation”] §

Cross—Correlation Functione F+ A& & AJFEAA o A#Aglo] A4
S ddst=d &8 Ha o, FAE Aol AHH Ad AEE &
el & F & ol o] kA f,0,(=1,2--- N) A7F3} Cross—Correlati

on Function R;,(j)& olgiel o] o= o] frt26].
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A 5 % IR-UWB Radar 7|9t 1 ==73 A3

5.1 IR-UWB Radar Module

B A& oA AL&%E IR-UWB Radar =E-& Novelda AF¢] NVA6201%
o] AAEo 9= NVA-R661 EE5 ol&339t. NVA-R661 =

A2 TS Fgh, o7 e gAols, Fae B9 5 nE
. NVA6201 HelA= Agdd & =< dolHE FAlgit). of 714
e dolt doly FHollA HE3 Sample?] RS oH|gth 179
Frame2 256709 sample® TA %™, 17019 Frame % W 1me Ag
S YERY. =, 1719 Sample ¥ ¢F 4mme] 35 (Resolution)S 2t

g B 4

19 5.1 NVA-R661 Module
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¥ 5.1 NVA6201 3@ 54 2 otgy =4

Antenna
Type Sinuous
Frequency Range 6.0 - 85 GHz
Antenna Gain with Lens 6.7 dBi

Opening Angle with Lens

40° (V) x 35°(H)

NVA6201

Parameter Unit
Output Pulse Center Frequency 6.8 GHz
Bandwidth, -10dB 2.3 GHz

Mean Output Power - 12.6 dBm

Pulse Repetition Frequency 100 MHz
Sampling rate >39 Gs

Sample 256

Output voltage [V]

5 6 7 8 9 10
Frequency [GHz]

1% 52 NVA6201
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a9 53 IR-UWB 7%k F217] 1= =A

a9 54 9F o] IR-UWB Radar 215+ USBE &83te] fA4o02
law dataE Wo} MATLAB SIMULINKE &&35lo] Alaxg] 2 2
HYS s, HagiAe] 2 F17] e ZYHHS TelemetryE &8

gto] FAHo® Holy FA& sho] ddsi
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Telemelry Firmware(Mission Planner)
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!“ UAV —Status
cy’;;‘ﬂ
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ANESESNS «  Monitoring

USB

k:w data

Signal processing
& Monitoring

MATLAB
SIMULINK

Il VR PR

a3 55 IR-UWB F217] &=t H A3

_25_



5.3 IR-UWB RadarE o] &3 21333

B Ao = ¢ dF3d 5o Law Data Signal o Z 28 A&

ol=g AASY] S WMEds dEE dASY E2" R keol=E

)

AASFATE AT oy st E2Y 9 wo|=2E A AFoR Q] EA
2 FA3ge oS50 ZA4astA wHuh 19 5599 Ag Ayl o] of
Im A%9 IEZAHL Bandpass Filter ©]9]o] A& Az §lojx Seto=

= A A e 54 A= B

Distance tracking

Amplitude (arbitrary unit)
o
|

-20

0 1 2 3 4 5
distance (m)

9956 BE ImolA ZAF F2 5
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Gain
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g X L 4
¥ ™ R
mr o o ar %o
w W el 3 o
L
o ol o ri
g K
18 & i N M
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>, b B e
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F] e
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0
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oo 2
S R
fite) X ;OU
" N =

&7 gk(cm)

9.8453
27.8051
78.8361

121.1213
177.2095
256.1314
312.0711
359.5417
410.9886
465.1389
512.4491
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¥ 5324 =g Ak

A | a1z | A% FF AA | 1= RTALTES

. . o3} ) ) 23
1= | FRF | FRE i1x | FAR3% | FR%
10 | 5.2351 18.0518 8.0518 260 | 269.5979 | 273.7482 13.7482
20 | 13.2564 26.1078 6.1078 270 | 276.9781 | 280.5962 10.5962
30 | 16.2351 29.0946 -0.9054 280 | 284.8172 | 287.8527 7.8527
40 | 195315 32.3970 ~7.6030 200 | 298.9836 | 300.9211 10.9211
50 | 27.8051 | 40.6718 -9.3282 300 | 3120711 | 312.9426 12.9426
60 | 40.7829 | 53.6116 -6.3884 310 | 3206329 | 320.7802 10.7802
70 | 48.2451 61.0299 -8.9701 320 | 329.4167 | 328.7990 8.7990
80 | 56.9021 69.6157 -10.3843 | 330 | 336.4276 | 335.1833 5.1833
90 | 69.5417 | - 82.1125 ~7.8875 340 | 346.5037 | 344.3338 43338
100 | 78.8361 91.2723 -8.7277 | 350 | 359.5417 | 356.1306 6.1306
110 | 854063 | 97.7323 -12.2677 | 360 | 371.7164 | 367.1019 7.1019
120 | 956901 | 107.8185 -12.1815 | 370 | 381.3554 | 375.7576 5.7576
130 | 104.1232 | 116.0667 -13.9333 | 380 | 392.6803 | 385.8929 5.8929
140 | 110.8523 | 1226335 -17.3665 | 390 | 399.6017 | 392.0690 2.0690
150 | 121.1213 | 132.6296 -17.3704 | 400 | 410.9886 | 402.1996 2,199
160 | 133.0583 | 144.2110 -15.7890 | 410 | 423614 | 4133881 3.3881
170 | 146.7112 | 157.4066 -12.5934 | 420 | 432.8417 | 4215364 1.5364
180 | 153.6441 | 164.0866 159134 | 430 | 4365397 | 424.7949 -5.2051
190 | 164.9332 | 174.9341 -15.0659 | 440 | 455.2847 | 4412513 1.2513
200 | 177.2095 | 186.6884 -133116 | 450 | 465.1389 | 449.8616 -0.1384
210 | 202.754 | 211.0067 1.0067 460 | 461.2294 | 446.4490 -13.5510
220 | 208.5282 | 216.4776 -35224 | 470 | 466.8585 | 451.3613 -18.6387
230 | 2355434 | 241.9454 11.9454 | 480 | 487.5056 | 469.3006 -10.6994
240 | 244.402 | 250.2506 10.2506 | 490 | 491.2083 | 472.5047 -17.4953
250 | 256.1314 | 261.2122 112122 | 500 | 512.4491 | 490.8083031 | -9.1917
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¥ 54 3xta% g Ak

A | a1 | 3= g5 AA | 1= RTALTES

. . Lzt ) ) 23
1= | FRF | FRE i1x | FAR3% | FR%
10 | 5.2351 10.2532 0.2532 260 | 269.5979 | 272.1054 12.1054
20 | 13.2564 21.1941 1.1941 270 | 276.9781 | 277.9670 7.9670
30 | 16.2351 25.1861 -4.8139 | 280 | 284.8172 | 284.1999 4.1999
40 | 19.5315 29.5600 -10.4400 | 290 | 298.9836 | 295.5066 5.5066
50 | 27.8051 | 40.3386 -9.6614 | 300 | 312.0711 | 306.0366 6.0366
60 | 40.7829 |  56.6902 -3.3098 | 310 | 320.6329 | 312.9875 2.9875
70 | 48.2451 65.7974 -4.2026 | 320 | 329.4167 | 320.1828 0.1828
80 | 56.9021 76.1042 -3.8958 | 330 | 3364276 | 325.9799 -4.0201
90 | 69.5417 | 90.6753 0.6753 340 | 346.5037 | 334.4080 -5.5920
100 | 78.8361 | 101.0460 1.0460 350 | 359.5417 | 3455079 -4.4921
110 | 85.4063 | 108.2094 -1.7906 | 360 | 371.7164 | 356.1009 -3.8991
120 | 95.6901 | 119.1556 -0.8444 | 370 | 381.3554 | 364.6642 -5.3358
130 | 104.1232 | 127.9006 -2.0994 | 380 | 392.6803 | 374.9467 -5.0533
140 | 110.8523 | 134.7364 -5.2636 | 390 | 399.6017 | 381.3585 -8.6415
150 | 121.1213 | 1449372 -5.0628 | 400 | 410.9886 | 392.1349 -7.8651
160 | 133.0583 | 156.4656 -35344 | 410 | 423614 | 404.4407 -5.5593
170 | 146.7112 | 169.2519 -0.7481 | 420 | 432.8417 | 4136912 -6.3088
180 | 153.6441 | 1755946 -4.4054 | 430 | 4365397 | 417.4625 | -12.5375
190 | 164.9332 | 1857244 -4.2756 | 440 | 455.2847 | 437.1810 -2.8190
200 | 177.2095 | 196.4860 -35140 | 450 | 4651389 | 447.9755 -2.0245
210 | 202754 | 218.1624 8.1624 460 | 461.2294 | 4436560 | -16.3440
220 | 208.5282 | 222.9500 2.9500 470 | 466.8585 | 449.8912 | -20.1088
230 | 235.5434 | 244.9444 14.9444 | 480 | 487.5056 | 473.6749 -6.3251
240 | 244402 | 252.0481 12.0481 | 490 | 491.2083 | 4780994 | -11.9006
250 | 256.1314 | 261.4033 11.4033 | 500 | 512.4491 | 504.4850 4.4850
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Mission Planner 1.3.56 build 1.3.6672.30243 APM:Copter V3.5.4 (284349¢3)
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3# 6.2 ABQUS Input Information

ABAQUS Explicit Non-Linear
FEA Method Dynamic,Explicit
Total Step Timels] 0.08
Nlgeom On
Mass Dummylkg] 35
Element Type Shell

Aluminum 6061-T6

Young's WModulus (GPa) 63.9

_—— =t
Density (kg/m?) 2700 o

Poisson's Ratio 033 -l
4O A V=1414 mfs
A 50| h=0.1m

Tensile Yield Strength (MPa) 276

Ultimate Tensile Strength (MPa) 310

19 6.14 Al Ed o] A Properties

2% 615 AlEdeld A
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