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Target Localization System of Unmanned Helicopter
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Abstract:In order to improve the accuracy of orientation when unmanned helicopter is in autonomous
flight and operation,a measurement system that could fetch flight states relative to mission target is de-
signed. In the system,an airborne lidar is used to scan and model the surroundings,and a hardware cir-
cuit based on STM32 microcontroller is designed to realize all functions. Also,a specific algorithm that
can process and analyze surroundings data and work out the states of unmanned helicopter is proposed.
By a software programmed by Labview, flight states measured by the system can be displayed in real
time. The experimental results prove that the measurement system can fetch the distance and azimuth of
the unmanned helicopter relative to the mission target accurately.
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Fig. 1 System hardware block diagram
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Tab.1 Performance parameter of lidar
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Fig. 3

WO IS A AR Y [ 2707, gy B R
0. 25", RIAEFI 4 0. 25° 3R [l — K BE B . T 1)
B RS TR I N GR m] 1081 A A Y 4K
W& N —45°(Step A) FF 4, ) 225°(Step O) 45
P A 4 . I AL BLC A S 43 )%
A 0,540,1 080, Hofth 5 A A0HS AT IR U HER. H

\ Sk

Step A(0)

B

1T

Step B(540)

Step C(1 080)

K4 WOLER KA
Fig. 4 Range of lidar scanning

1.2 (ESERER

W TR R T 0 KA 0 USB R AT B R
B A AR B A RN H 45 USB 1 i A 2
XHE S AT H 4. A BT R A VDIPL 8 e ok 52



Hel

B AR 4 R N EIMLE AR E 7 R G vt 253

B ZBHUE FTDI 28 mlJT R 15 5 Fe i &
T USB {55 218 H {5 5 B F 4, ini 5 B

{5 VDIPL {5 5 #& i ik

VDIP1 signal transformation module

Fig. 5

AR VNCIL G R 1 i s il 2% T4
HLER 5V,
1.3 HEAEESR

K b PR 1 55 5 R AR VB AL HE L H AR
B RN 5 7 B A L S ) b ML el R A . BB
PEF STM32F103CBT6 fix A 2 il 2 i 2% » H T4
FH 72 MHz, B Z 44 Adi i 0 £ 3 A
FANGE M S7 T A LA TR

B A P B e 5 DB B DL AR g A
R FE BCAH X TT R A BN R G

WOt T I8 I B 2 B AR T SR B
B A PR B R A5 AR B[] B B A B B
il B I B4 R Rk & B AL 2 1 H S S RS232
I RSA22 SAFhRE.

B ab FEBIOR T 5 VO flb e LSy R AN E 6
FT7R o

Bl 6 oAb B SR

Data processing module

Fig. 6

2 RGN RARHERIT

2% 3 G0 0N, R BT T 48 e IR e 4k 7 5K
e, 1 C 15 78 KEIL MDKS £ i &K H 85 T
GE s ARmE 7 s, s 4G ERFER
w0 T IR 55 R BRGHEAT O R B
IR (150 Hh ot ) g A0 3 Ao R T % 3% o T AR 55 R B 1)
AN AL AR TS B ) 4 AR
2.1 RGWHK

BT IFIRIZAT G - 1 e XA R G 4, A
F AR O T iR R AT 00 fn Ak . T Ak B 2% 1Y 2 0
72 MHz, R4 & W 885 1 ms 50—, ¥ &8
PR R 8 115 200, TCREHG 7. 8 A4 4 1
S ST A

RGN Bh, BOM
BOLE RS

Y
PR PiAb I
F b e B Bk

216 AT
RIERH
Y
TR RS

|
K7 REE TR
Fig. 7 System flow chart

WOLH B R A b BUE LM 07~
180°, F:Ff 0. 573 [m] — Y B 85 i RIEL 3L R (AT 361
A 5 BRI BOG R IR Ay 40 Hz H
SR R
2.2 HABZEBERE

PO H 0 A RO F IR AR 2 B M Xk
A7 4 8 i 3% 1] 24 5040 Ak PRARE B

R2 HEEZHERDBERX

Tab.2 Data encoding format of lidar

B W OFYAR #/E
it Sk 2 MD [#] 5 i

A ) 4 A

45 SR
HRig 16 B R R WO A RO R A

Him 3

H#E A
HZEMH 1 OA [ 5 i
R F 4 99bOA [ 5 75
AR 4 B[R] A 25 I 8] A7 75
w1 15 55 Al T T ER 3 SR A AL 8 Aix
MR 1 OA [#] 5 i
K it R~ €1 A 50 B
w1 15 55 Al T T ER 3 SR A AR 8 ir
FEH 1 OA [ 2 figh
MR 1 OA [ 72 A

Z 55 0 FRR P b B O g B A% 2 X 361 AR

B AT AR A
2.3 HEBIAE

Xof I 2 R i iR 22 B IR LR 3

(D WOe s BA ML E D 0. 1~30 m,
T 0.1 m ARSI R R 22 AR K TR ) 30 m BRI
HEEE N 0,

(2) |\ YRR 3 A 1R 3R R R AR S5
PSS SENLEAR 6 e S Ll RS E 2 RS S



254 &

OB M

PNEIPNIE 5% 50 %

A& PR L SR B
(3) FAHEE [ P AT e L DU B A% 43X 23 X 55
FIAR 1 7 oL 3 1 T4
BT BA 3 A B A PR R AE BEAT H AR E AL
T 0 R B 1) B0 14T TUAL B SRR AR
e 8 fs.
H#r

K8 ARXERER

Fig.8 Diagram of effective area

FEXTSE 1 A3, % BRI TN B T HLTE 52 BRAE b st
HHRMAE R B E W S EEE N 0.5~20 m,
FH T 590 B AN 7 91 B PN 18 TS 3808080

FEXTES 2 i, TR sl BEAIL LD B HOH eR BUE
IR A EH BRI — 1R 25 A SCR I g 1
PO R IR EE AT IR I . O RS TR R
) ZR G0 S T H0A R 4 ny 4 4 o
o ALY 3207 5ok 3 HE IR SR A7 58, DR e 4
S SIS o {8 T bR A P R AR

PEHOGTE IR B — & fEm Rl e B py Il
VESI IS B8 (i) AR m AR B 1 /) X TH]
SRR AR AR X — /N X [E] AR Ry BB 24 DL
DB R 22 3 R R AR . FFAER — /N IX A b #EAT
AN W B4 Jy B 7 347, B AT A5 B B O o i rY D 6 A R
(Lo} T g R Ao 2R AR R BEPL IR 22, Horh

Li=L 3 o (D

A SCHCm =5, BRI YK B 18] 7 31 B ARSE 5 ik
DB A5 R 1 P ME . X BOL R B 90" HI A B
— M A {yiso ) FEATIE S IE DR P B A9 AT
PLE 27 E A RORBR 1 R 22

X2 3 5. B A SIS N E TR L 3 5
A P /0 o HL A DX 3R TG W 28 AR AE el 3
TR 0 7 RN T A S R 2SO i
TS TE RN A PR LR 5 AR I R ]
10 B 5 A8 Ak AR BE CRIV Y B0 ok B B B At 42 a1l 10
Fi7s

L, AR —Bf 284 0 20 3h 418 U ik b
S RFERE, Ly A EIFE 0. 574k A FE B {H . AR UL

100 200 300 400 500 600 700 800 900 1 00!
;s

Ko W EIE B4

Fig. 9 Result of sliding average method

RERS Y

K10 HfiRER

Fig. 10 Diagram of scanning

Feffe . WO MR AR
LM—L‘

L,
P Ay H 408 41 i 4 ) B R B [ 5 Ol 0. 5%, BT LA
19 DX 38 o e — 3 2 X Sk ) 9% R LT R AR T Y
i 2N 2 DX B S g AR R, AT DAAR
T B 1 3K — R R AT R M LR X, R
BEREBIME Sus 2 S, << S B S AR IE S K .
A Si > Sue T SR TSR 2 22 X 4 A A
B HE SRR 1 R AR R ()3
YR IR IRAE S, =0. 1, 45 1A 12

JIE7R .

1 T

(2)

=
]
"
jind)
jazzy
Sl
faut

Bl —A AR

Fig. 11 Scanning result of one group

WEE
R IR

B 12 B2k
Fig. 12

Diagram of slope



Hel

B AR 4 R N EIMLE AR E 7 R G vt 255

MRIEE 12 Al Ly il - COFRTEE A 3 Bt
ZEIX . (2) % 2 HeIX B & 1 2R B R

pe e

®

AT LA L X 1 AT IX B 3 M BE RS . X
B2 I NEFHLRIAEE B AR 10 KA 2 R 4G 44
LREGMEN No» BIEFRELRGIMEN Ns .

2.4 BHEMEE

ARSI H RS 2 A B IHHLE) H AR 0 B
L OO 4 5 Jy 1) A BE ) e B IR B Lo » 7 AV
il o PRI o T LKA 0s A I
ARSI ERE SRS Ewﬁ@%ﬁnlﬁl 13 iR,

\ﬁuﬁgo \ H¥r //

\90 ﬁm%ﬁ%L i
\ BEEEL,
Eﬁn%?ﬂ%\ N Edﬁ;ﬁﬁﬁ?ﬂ
\;»\ ﬁ%méﬁﬁalﬁss
<00

N I,

Ed‘ﬁ?@ﬁ“éﬁﬁafia

180°
13 CREEREA

Fig. 13 Diagram of status value

R T FRAE TN E IS T H AR 46 & # 7
H1 € X Position_Flag 3% — 78 8 X} A [6] v &R A i
T3 Nl 14 fios

Hiw
() Position_Flag=1: 90° line scans on the right side
Bz

V4

(b) Position_Flag=2: 90 line scans on the target
_HiE

90 5>/
(c) Position_Flag=3: 90° line scans on the left side

K 14 Position_Flag 7 7% Ui B
Fig. 14 Description of Position_Flag

24 Position Flag=3, Bl 90° & 7E H 5 £ M
B AN EL 15 B o as .0y 43 59y fiff S5 A o
AN 22 5
PR 4y A & 41 i 2 1) 1) £ B2 2R 0.5, i
a=(Ns— N,)X0.5 (3)
HRAE AR R LA R A

2 Z
Ly = L\\ - LNO

- ZLNSLN() COSa (4)

% 15 Position_Flag=3 i} 7/~ & &
Fig. 15 Diagram of Position_Flag=3

Ly, Ly
Tm:@:% (5)
Lip + L%, — L%
B:arccos( ;lei - ‘>> (6)
Horp Ly S0 80X 38089 98 B T LASK
Lo =Ly siny — 2t b o D
0 Lyp
Kok 90° 7 ] FH R R 51{H A 180, ik
= (180 — Ng) X 0.5 (8)
iR T NEFVLS BV A o B
=180 — (3— ) 9
W NETHILE HAR R L
—Lnin (10)
Sll’l(/)

>4 Position_Flag=2, B 90° 4447 H #» L i,
mE 16 fis.

B 4 ¢ B¥W D
AN = y
AR
Ly AL,

[ 16 Position_ Flag=2 i} 7/~ & &
Fig. 16 Diagram of Position_Flag=2

5 Position_Flag=3 ML, ] ISR H
BsLpp L s AN[A] )2

= (Ns—180) X 0.5 1
WMIENETHILS BRI TR ¢ A
¢ =180 — (B+ ) (12)

R 90" 4 Hbr b, BrAJE N ETFHHLE H
PREGEE B L Al DL E A .
4 Position_ Flag=1, Bl 90° 4 1 7E H #5 45 M



256 &

2O o= At

5% 50 %

A}, A 44 J5 1 F1 Position Flag=3 Bf 254, 3% B
TR
2.5 HIERME
fiff B8 56 UG 1) B 2B A 4% IR ER 3 BT R B B
ST R 3% 25 B AL,
®3 HEMITAER

Tab.3 Package format of data frame

S T P
kAR 2 MYMH 5 i
M+S %
B, Hh 4
REBHCBAE 1 e 4 g
wg 1 03 S I [ B sk
I [ 7 5t
FH K 1 XX
TR 1B 5 K
AAH I 97 2 B 2

LG HbhE 2
OREE 3 CITN!
FAAEE 1 1

BBH  fi#nil2lnihit >~ BBAAH
x (BBAA) 174171 0 B0 ) 2%
* (BBAA+ DZFFE5 170 098008 9 7%

A7 58 15 MR Y 7
& [B]hR R 0: AT B IR 8] 24

W 2 o RTSRAE A
Rl 1 8 i

3 LA AR

3.1 Efu#sEkeigit

ATV 3 S B WO AL AL R AR AL B
s I HLSSi 7s , w] DL J7 8 0 R S B R S
HEAT B S . A SCHY B AL LB R AT LAB-
VIEW #4755 & 5 i & — Ff T AR AR SCAR AT 01 4t
N Ry 0 DB AC G 2 15 5 IF )12 1 It 4
B, — M LABVIEW & % 3 45 §if i Al 5w A &
TP HE 18], 9 25 3 5 R 400 A8 3 5 1 S Bk 4 e
LI

EAHLEATRESR A 17 o Il E R s S bk
RLMLIE S RS232 A 1 52 B R4 1% i, o7 o8 08 T R
WAL ES AL 454 (Virtual instrument software ar-
chitecture, VISA ) [ p& K X 53 115 (PR
B ARSI 7 A5 R AT G . R RGE TR BORT
B s WU AT AL, BT o R 0L R TR i T
M

W AL AL A F T AR 23 A 4 A 322 DI 430
PR FUE R RS AR & BOR UL 8028
b = NS T N S TR I D = YU T N Ll <
3.2 5K

B 5030 o BT A B B

(1) 7 0 B B o 32 B B 2o 5 1A [m] 1Y
S BRI 0 i AR G R AT A 0, 2 B R

Fhr |

___________________________________

VISABE o IR e
[(FORE] | titi

#
G

EqiEa e

mﬁﬁéi - R EET

Eat i)

B 17 BB T HERE

Fig. 17 Operating framework of host

{14 TE A 1 A BORE A Py ) S o R S AR % B BOX |
RLMLE A FEAT DXL S s 0 A 45 R, 2 — Uk
B RANE 18 B .

K18 sz kB B

Fig. 18 Independent testing phase

(2) ML B . g 7 I a5 s o R I
RYGLIAETEN BT b i — 20 % U R GE kAT
Uk, an sl 19 Fos .

Bl 19 HLEm L By B
Fig. 19

Airborne testing phase

4 LZRIF

ASCHEET UTM-30LX #0tHiks  FIl i STM32
BT BB R LA TN BTN
1195 H b5 9 5E A, Il ] Labview JF & T EAZHL
BRI B Z R AT T EWAY R L SR R G
BT — BN TR N E I L RS SRR %



Hel

B AR 4 R N EIMLE AR E 7 R G vt

257

ARG ia A1l 5 T LLE R 3R IO B THHLAR X T4
55 AR B BB A5 AL A

S & k-

(1]

(2]

(3]

(4]

[5]

[6]

7]

FARID K, KENZO I,ROGELIO L. An adaptive vi-
sion-based autopilot for mini flying machines guid-
ance, navigation and control [J]. Autonomous Ro-
bots, 2009,27(3) :165-188.

AL PN . R T O VR A% I A 1 E 3R TE A BIL S
w48 ()], 3T 5L RE A K1, 2018, 35 (1)« 206-
210.

YU Chaofan, SUN Jianhui.

voidance system for multi-rotor unmanned aerial ve-

A real-time obstacle a-

hicle based on optical flow sensor [J]. Computer Ap-
plications and Software, 2018,35(1) :206-210.
. 8 =4 RWOL R B RGN R LD IR
T8 < G R TTolk R%% . 2015,

HE Zhiyuan.
system for vehicle[ D]. Harbin: Harbin Institute of
Technology,2015.

Bk B0 T B FE AN A ERS SO S a7 2R
ARITD. P04 5 7 ) b FEA5 B, 2012,6(6) :184-195.
LV Bing, ZHONG Ruofei, WANG Jianan. Vehicle-

Research on 3D imaging laser radar

borne mobile laser scanner products: A review[ ] ].
Geomatics & Spatial Information Technology,2012,6
(6):184-195.

WALLACE L.,LUCIFER A, WATSON C. Evalua-
ting tree detection and segmentation routines on very
high resolution UAV LiDAR data [J]. IEEE Trans-
actions on Geoscience and Remote Sensing, 2014,52
(12) . 7619-7628.

CHISHOLM R, CUI Jinggiang. UAV LiDAR for be-
low-canopy forest surveys [ J]. Journal of Unmanned
Vehicle Systems,2013,1(1): 61-68.

ZEUK L ART e BUHY TR0 E IR BRI TS AL M
g RG] BN 7 EOR, 2018, 41(2) £ 99-
106.

LI Bing, LIN Yulong, HUANG Xun. Infrastructure

[8]

[9]

[10]

[11]

[12]

[13]

[14]

management and control system for UAV grid based
on laser radar technology [ J]. Modern Electronic
Technique, 2018,41(2):99-106.

TR . BT T0 AHLBOL T 35 1 BORHE 3 R R 5 i
T R4 A 81 .2017.41(2) :6-9.

XING Chenghai. Design of bulk yard modeling sys-
tem based on UAV radar [J]. Metallurgical Industry
Automation, 2017,41(2):6-9.

FARID K,ZHEN Yuyu, NONAMI K. Guidance and
nonlinear control system for autonomous flight of
mini rotorcraft unmanned aerial vehicle [ J]. Field
Robotics,2010,27(3) :311-334.

JOSEPH Y. The definitive guide to ARM cortex-M3
and cortex-M4 processors [ M. db 50 : 1 4 K 2% H R
#t,2017.

JOSEPH Y. The definitive guide to ARM costex-M3
and cortex-M4 Processors[ M ]. Beijing: Tsinghua U-
niversity Press,2017.

B X Z5. ARM Cortex-Md 4% A 252 5T 200 i LM .
b at: U RO A AR R Rk, 2013,

LIAO Yikui. ARM cortex-M4 embedded develop-
ment[ M. Beijing : Beihang University Press,2013.
AR HF L FR. W BT 2k iy A U A i AT Lk
M R S 4 AR, 2001(1) < 21-23.

PEI Yixuan, GUO Min. The fundamental principle
and application of sliding average method [J]. Gun
launch &. Control Journal, 2001(1); 21-23.

KA SR Bk T R 40 AR 5 ok DR IR B Y
BLEL LIDAR 4 38 [T 0 2 ) 2 H R 24, 2009,
26(3): 224-231.

ZHANG Hao, JIA Xinmei. Filtering of airborne LI-
DAR data based on pseudo-grid concept and modified
slope filtering algorithm [J]. Journal of Geomatics
Science and Technology, 2009,26(3): 224-231.

BT Ar . A LabVIEW M. 4k 5% - 36 5% it 25 it KK
2 AL, 2009,
RUAN Qizhen. 1 and LabVIEW [ M ]. Beijing:

Beihang Universiiy Press,2009.

(4. TR3E)



258 (IS SRS | A N NI S S 5% 50 %




