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Collision Avoidance Sensor System for Mobile Crane
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Abstract: Construction machinery is exposed to accidents such as collisions, narrowness, and overturns during
operation. In particular, mobile crane is operated only with the driver's vision and limited information of the
assistant worker. Thus, there is a high risk of an accident. Recently, some collision avoidance device using sensors
such as cameras and LiDAR have been applied. However, they are still insufficient to prevent collisions in the
omnidirectional 3D space. In this study, a rotating LIDAR device was developed and applied to a 250-ton crane to
obtain a full-space point cloud. An algorithm that could provide distance information and safety status to the driver
was developed. Also, deep-learning segmentation algorithm was used to classify human-worker. The developed
device could recognize obstacles within 100m of a 360-degree range. In the experiment, a safety distance was

calculated with an error of 10.3cm at 30m to give the operator an accurate distance and collision alarm.
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Fig. 2 Collision Avoidance Sensor: Hardware

Table 1 Proposed Sensor System Specification

Size (mm) 200 x 200 x 600 (WxDxH)

Weight (kg) Approx. 6

Camera Spec.| 1/3CMOS, 1920x1080, 10bit color

16ch, Max Dist. Sampling 20Hz,

Lidar Spec. . . .
Resolution vertical 2°, horizontal 0.1°
Power (W) Approx. 170
Range 100m / 360 °

64 Journal of Drive and Control 2022. 12

JaEe 53l AL/ ABE WE FEPA du
9Z¢ FASKIT o 0 WEe| Bo|1E o] Al
A glols Hd JFE BRE 5 o

32.1 &% W3k

A 1A GANA = goltk YA HolHE 337
< kg Ayl AR WISt o] dAdAE
3 A7 S8ske AAE S} golthe] HolEE A
AL AANA 5718 9@ HolHE 53k o]
5713 HEojA PPS A& H 7]E AT
NSE E‘rOlE}E} Az AF3sHA PPS A5 <
3 BAE Y Elolm gho] glo|tkel AT ©lo]
Hel 7|§5o] PCE FAEESE FASATE 74l
W oA Elolm 7} YX|eh= ZF vlolHE HA|o] 2
13} e wsgda Ry 7|E H3A9 e AT
< T8kt

T cos§; sing 0| [cos# 0—sind][1 0 0 ][
y|= [—sing cos& 0[] 0 1 0 0 cosyp siny| |y, )
z 0 0 1]Lsinf0 cosf |[0—siny cosyp] |z



CEER

e
oY
o
2

A7NA 6, v FTE F AR ANE A
o) 3M3E gholth ¢, = tAHoA dFHE
S AGOIL 1, y,, 2,5 tANHANA Folthz
Htolt) ¢ grol 360°(13]14) =2 Al 71A] 3

dn ox JN'

ot J[N‘
ot o nL?L'

OKL

T(z, y, 2)= TS 1 ZH S 743
322 /Y= Fo] 4= ¥ AAs)
Azt GAlN A= o)A dAA FHE HT o

olEle] =S AAs oy & .
G ATLSLS 712, A=, =o] ZF 025mel AHLH
Ao AAZ Ui, g ARl A&7t 37 o) &
A& AL ST Axe G4 A= Aoldit) 1 4
I ZP W & HF golEE HAET} 025m <)
AxstE Ao 2 A Ao}

o o
1>
ﬁ —
Ho
5
G2
il |
= fo
N ol
AL 3
-
X o ™
i rulm“\1
k=)
ﬁrzg%
o W
Mo o
24 Mo
o Moo O
S
18 W 2 Hf do e

of nit M

b4
-

ofy
o2

b =
o
fru
o
{0
QL
£
o

s
o2
il
o
Hn
N,
rlr
>
ofo
>
N
=~
2
o B
Ol
O
b
u
Ol
O
£
X
k)

on:
I
ML CORN

A3t ol Fig 4= 7
Agwﬂ%ﬂbﬂw%ﬂ4ﬂ¢AQ%zwﬂ
3} Uepack

Sensor _Attach angle 0,

% /1 il Rotating Angle &

Object Height

Object Thickness L_

]

Obstacle Point Cloud Map

Fig. 4 Obstacle Point Cloud Map form Object
Height estimation

323 T3 € AY 4=

33} dA A= Euclidean-Minimum 7]¥Ee] A
2 ZFH2EH B4 S ARSI 4 29} 2ol
A2 Al 0.25me] 3u) oJue] ZHAE FAA S
o] #3& =S s Th

“4f o
2 SES
E 1.170470 ‘;is‘ 4
o 0Fr VN o :,.:l‘:]
S L {\ "-,'l ‘}'-fu'_..r
2 @ =

0 5 10

x-distance (m)

Fig. 5 Object Point-cloud Map Result

AgeE AA 9] A3 ZollE Ao 43 A
g Al Aaghe A AolE AR Holay
ot AREAE AR ARG AT AolE A
7F 2o o|WlE AT E HAYIIEE Il UIS
d d#EE ATEAY AAFAAAE At
glel 45 v BA ATE TAD F A=EF

A3,

—\JNOHH

%‘OH% 2% l

3.3 ErA X}
2 A}l
7] f18l, 28
25 5 7% ZPOW 14 darelEs et
At o5 3l oF 30m A=A AHS YHThR
= 3402 1920x1080 A= olu|A] HoJEE A
< O oo A9AE giddgdste] S 283
olr]A] HlolHE FHREATE thdet Al 73
i3k oju|x] HolHES sty fld olutE, A
7k ARz, BAPE, TPERACAA HolHE 318t

65

Eeloje - HEE 2022. 12



a1, Ho]E o] Prﬁ;‘—f& AR g Z}%‘x} oju| A &
A7) S8l ¢
ol Al 1324, =& % 7}*%5}74 2487
Hgk kHE mEhg lUlZl 2,521%}4 471
6,100%, AP 29 1494738 B3k ok w 2Hg o]
H)Z] 7,5947% "HolHE R3] Wy ol
A5 F7kete] F 50,5750 85-& dlolelAlst E
To EREgor AL 239 HAFE voEHAS
T3 T

Ao A ZAFAE AT Z Q1Asta %43}71
Q3] vA 78 Dy 2uaS A8sgnh thekst
A 12 & EPGE%JEOI ML= R ot :L?oﬂxi
AAZE Qo] Thsatal | A4 e A <
2] Aol 3 608 size YOLOV4S 2 A9 A
ooz A xqg].oiq.M,lS)

oR
IS
i
=~
02i o

FARE HEF AP FEHA e Aol
T 7 A 14%1, 7 A5 el g
ERED

AXES AF3IATE COCO ElolHAL
2e Aol g F A VES
A, S8 HolEA ek
gk 2 FAI7E §lolAls AlHolA Y] &
of due|ES BretT obele] &
A% wwaﬂ*Eéﬂ-gﬂE*W”
%% Aol 16%% Fgo] ‘f‘—-lﬁo}?io‘)r
E e 1% e e 8

Table 1 Human Detect Test Result from Image
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(c)Virtual Data
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Fig. 6 Training Data Set Acquisition
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Fig.

11 Distance Accuracy Experiment

Fig. 8 Sensor Setup to 250ton Crane (left), User
Interface in Cabin (right)
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Fig. 9 Result of L|DAR based Safety Distance
and Camera based Human Detection.
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Fig. 10 Collision  Avoidance
Operation Experiment

Table 2 Distance Accuracy Result

Distan Distan
No. | Ansr | P g |
(cm) (cm)
1 0°(360°) 446 451 -5
2 45° 388 384 4
3 90° 413 396 17
4 135° 354 348 6
5 180° 401 389 12
6 225° 365 365 0
7 270° 346 328 18
8 315° 346 349 -3
RMS distance error (cm) 10.3
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