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A Study on Realization of Display System for Monitoring of Heavy
Equipment State
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Abstract In this study, the characteristics and operation of a multi-purpose loader equipped with various sensors
such as a sensor capable of measuring the boom length, an angle sensor capable of measuring the tilt of the
left and right sides of the boom and the loader, and a load cell capable of measuring the weight during lifting
We have implemented a system that displays related data values. The configuration of the system reads the
values from the sensors, sends them to the vehicle controller, and transmits the calculated results of the
overturn rate and other important information to the display device using the CANOpen protocol. Also, in the
calculation of the overturn ratio, the structure of the multi-purpose loader is similar to that of the crane
belonging to the heavy equipment, and the crane overturn rate calculation method is used. Through this study,
we can observe the condition of the heavy equipment and recognize the emergency situations such as abalone
through the display device.
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Figure 1. Rollover Protection Structured Multi-Purpose Loader
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Figure 2 Dimension of Multi-Purpose Loader

T 1elA B kel o] v 2= dubel

=efRle] zan Q= &t wekell= ZUmA, AL, H)
A, dErF, Byol=, vyls eAsY Ey
AR & FHAAE F s TR Hork =
g FrRlol= FIEE dolES FFste] f=d 7
=49 5 U skt 2 Al AR 2ol A
28-S 800kgelth.

1. 141513 }\]/‘\Eﬂ_,] x{ﬂ]-x%o ?-/\‘1 7]]3_

B dpare 0ud 2o 543 BaE B 2ol
¥y 2o o3 AAE
RN aga P Ey A BAS 54
=g 71EHoR AL

© thg a7 33 o] Al REw
Bl gk elofsl o] & AbAlo) 7)ol BifaL
g s Ayl Ve T8 HHE

4T 5 = A,

O.I.z

“4* dlo] 2l Aol
-g— %s}o# FohE oz Jug Fa

- 264 -



The Journal of the Convergence on Culture Technology (JCCT)
Vol. 5, No. 3, pp.263—269. August 31, 2019. pISSN 2384—0358, eISSN 2384—0366

BlueTooth S4!

o Mo . & 1H B "R 3 T oo Z s ~ tlo " <
i3 NES 2 ozt g mES om ow R g M
E 5 o ale e o s do iy X — <] < ™ ™
: _ ‘ﬁoﬂhﬂxA ]21 1_A_|D11\mﬂ ° I = Q
3 ﬂq T Zﬁ = LE XH ,Q ZT ] Z ) X
: e G o % B o)) ~ T — . oz ) 1} o
| ol L IO < o AN x = o
= £ g iy = ok ~ iy o N Z . e " B ~ X o e
m ; wTE D THs o5 Syl TER T os %
o R e A N A AC o Ko E
‘ ST i S A T ol 8 G g B
o L Py op A HET §u = o
° = < S X N~ Mo o = R, o) wm
Mo m B g B o BTy gux KPR
l & ;Ab ,_@ w W < WM H oy o) N .5'0 e < s ol #ML ~ T
m S Ul e ey do Bl mp < mmm plo o) ,\A 2% X) ojn % < W E
A3 iiE@rE@%aﬂoyﬂ %E% ﬂﬁmwr o ﬁﬁéaaw
s 8 BN X X o [ R~ o Y N § o=
° 9 = U m ooy ook U om — Lo = Mo mK
§5 chLTLmaEETL MO, eRXlel J40%
8 TarefoSeler wnIat LS paET
7 B o B ﬂoﬂs/fﬁo/moaozrm.:f%vrmaﬁﬂoﬂ%)prmuw o o M
=il <Y AgTa® % ey ®m o @ ke X2 T g
- B 7S "Avwabs, Igrliopecas S  Sx8p8x
A £ g T8 <A = CO 5 % 9w 0%
inmnaroﬂﬂ%mm mm% Eﬁﬂﬂﬁ,%wﬁwﬂoﬁo
NI KO B3 T il T o o= W TO
Fre®aglay v Eriranrald
2o STXEEIE RSN 5
o do X N X Plo PR = TK LN
" TE RSB ° A %ﬂmg&ﬁw&%@w.
- pET Lol S % FeIzcIfEzig
& =3 X E = O‘mwll 1_W = E._H o 1 \UI I#E EL ) m EL = Eg 3l E. 0 WMM
= o#eoﬁo&ﬁow% %MW%%% ﬁﬁ%ﬂiﬂ,q%ﬁ
= e 2 o8 lyAOJJI = CO“W e ]JI r
i FEE TR  warRap Xl GBRIIRY
L | o <A = O 0 N ) o = ) ! B el 0 —_
o X LA@_L ﬂﬁi = X _ hodl;o
o o B OB oA oo A G IR - TC o O
x T X e T B TWETTg TR DU
s T = T AN wF T o R -t SN B
W ,Wmm F H| ™ = ﬂMﬂﬁmo] _BMVEO B5 { 7o & ol NJMMUEHL%A ™ < oﬁﬁ. e
il R B8 Thoboad® S opEmadxoam APy
_ g X _ X - |
o — 3 RTriwllwo woEatgreRga BTG R
< x| U5 TR T o o xLaomﬂameﬁu,wmmommﬂWﬂﬁM
g B TE tplmess,y NpgmRgBTER oom e
9 S| P N W E T - b Ol T L B (licolic =o'
3 Mg ® VegCapizs?® abxzepR ol Hoeg0
A @ TR 9o MWo< o N o < B MR BT oF

°o] 4

=

o

s

)

o] ON ¥ o

o

=

6(‘)]:

)6]'

- 265 -



A Study on Realization of Display System for Monitoring of Heavy Equipment State

- 266 -

MR AW ®ooH g RSN
i il o X ] B m Y T v B T
w:r mﬂ_h M“nu nw " X W =0 o M- How o]/ oy ﬂM o Y WM 1

N e T W ook b~ = op & < "o
T |z - - — o ~ — T ~ do i
= = |u |y | T w T o _ o < o R X o Wo mr L |
N L e I w o W og < = B — P o o Hr <
S e o e =S =" o T AT o s o, ™ M oo o
RSO I = - A S v o= bjo S Jo W w3 e T
S E TR FEEY L =2FEH gHe Do PLE R 5
R |2 sl sl = G > = — T - 8
T E frezEang Haxw o Im® o 2w ° 2 B
- . Ho|H o |E w_nwame T W T AR o] X "~ oo %H
TR ezt B we o ke N o HEwmg ®
R L LR e e o - T N R & % oo
o | o) mx |l w|F F|oR B EIGS o =0 Z. o - ojm 25 1 -
L ePetEte e o O 0w B v N 2
1] 2o|a| | |- X< =lm = ~ = N WUy HE ]
s R ] R T Pt LR Mo N < ~ ok oo oy 9 %ﬂr.
S i o LR [ mw H T <5 M T . MR e W
= w1 T pa|ok ok Tl <|m m = — o o S T Bl " oF o u N
i e M solm =0 Po oo o o o X ~3 m o
ovm;xovmxlimizv@%ﬁ T % 7Lm/,|@ ~ g = up < BB
R R T T o <z = SWTT T z
e L e e ek ® M TR "TE = %au
X PR 9T 7T T &T 9 PRE_gd pHE AE D b M
F R|E M| =z =) bz i B RGGE R A S y o E oo X R 2 o
=l slalslel s BE pgR T ES TSR T e RR) T % O op

. o T G 53 < s o oo H 1§ (ay

m R N e A A o A R R e A e A L

of) %o = |: = = & Jo & | |® = | (M (X A s |x = =

o ol > B | S T oI N £ N R A T T T (G G -

T || |F|e 8 Z 5 B IF IF Ik | |& [ |u |1 ¥ I T S

N ol s e O R R N (N I T - T 1= O L <O S KON I N S - .

N P N AR R sl T S K O - = S L (N S N (S L S KO QR (- (SR (O

S KCil I ool T Rle e e = wm o |wm |[EO|x | | | e | |

) R | | | | X o | iy < < = |= |% o o o

R P Nl K B el ol B Y O OO L U S N Y KN U I I (- i O

) s D R v g e £ e ol [ S Lt V=< <R (= =S =l -l £ R e e L N S

< o ||| = || " 1x1ﬂﬂoﬂooﬂoo, d , ' ’ ; | ﬂv o N - . oo |gm

= | 7 | = | A - . _ — — — —

w (S BMWQMVMdﬁékzﬂﬁwﬁﬁy N T 1 S < A i O R 1 U

T | | E %wwm”mmuV%:mgo I - TR R AR A MR ooRn F o |Re
i L A o el 1 el s et I i [ K A A A A G [ <
g = | o O | Wo | uo <N At NN - ;.. N _ - NT — | —| ¥ ‘Alo w‘ma on
% HWE Mommu M 1,%0 o M M o ﬂ%u_ﬁﬁ o _z.*Mﬂmi.#MW_ﬂo O o o %o o &v MH o N oﬂ No° z| o |3 © ™ ™
8 i e S AR - RS RS R B s K i - e T B SO S SO Y o S g i | Y R I
g = T oo | [ IIe ol Sl ol o | % % Lo © |4 T4 Fly m|e mB o | o |F o
= BIH || B &l = |4 TN Yo Yo gle B [Bo® [Bel® |¥EN T A il olE .
-8 o ulzlSlo MR em S w8 oS oS ©F |7 |F T %%nomaéiiEWH&M%WMMM 5
® S WEJWIU%HH1%@ﬂﬁwwi%i_zﬂzﬂwmaw b 2[E i B Bl Tl e Le Lle L
ul s @;ﬂEWWﬂMﬂH%E;omo_hmmﬁu/%%@%mﬁmjm HJH %umoﬁﬁwm/wﬁﬁﬁwovw%w 2
BE | eV |8 w2 LT QT FF T u(T T T e T B TS TR G S T T X
Ko W w S| 4|8 [TV 5 lE ®R =T 0 ER AR AR BE wle Bl )z MR O x| wle Ble B P)o Bie W
o~ R G N e e e el R e e sl il e i e i R R e e ] e i it e e e
]
mmmlzs456789muummnwwmmm%M%%m%
T




The Journal of the Convergence on Culture Technology (JCCT)
Vol. 5, No. 3, pp.263—269. August 31, 2019. pISSN 2384—0358, eISSN 2384—0366

|* EIAF20] CAN Mesmge
1 Tx Message CAN COB-ID = 0x363) - Epec Controller —> £ Fai6]

Function RPN wey

:

Byie

Br Je]7]6]s[aJ3fal1Jel 7 e]s]aJ3fafale] e s]a]3la1Je]7[6]5]a]3]a]1
1 2 El | [

|Z TxMessage (CAN COB-ID = 0x263] - Epec Contralier > Ci=Fajo] (3:2)

[mezc]e]7 [
5 5] i
Byte 1

HE{3E ¢ (Bit}

s[a]z2]2]t wfeli[ufie] o[z es]w]v]e]a e]s]s] 2]

AEEIFE B s ala]alielr|els ala]a[1]® 5 !
2 3

3. Tx Message (CAN COB-ID = 0x183] - Epec Controller --> CiAF 0] (57}

Fuuni ction

Byle

EoE EEE IF] F]
[ N N N P Y 0 P 0 3 N P Y A P Y R Y I A I I Y I A |
1 2 | 3 | 4 | 5 | 3 | 7 [ |

3. fx Messane (CAN COBAD = GulEd) - E|AF e8] > Epec Contaller

o ow
I F F

BEA

Bt |sl7]efs[afa[afafa|7fefsfafa[afa]af[7]e]s[a[a[aafe]7[e][s]a4]a]2

Byte 1

2! 5. CAN Open Z2EZ [f]
Figure 5. CAN Open Protocol [5]

4. AHREAN B A& 7FsA A 4A

A8 7FeA Aa AR e 2] wRe d e B
WES HAEste] A& B 7 AFLE oiete A
=2 79 dolot A7} g AL itk A
T AbaLE WAE] S e e 2] S4Bl
E ZAo] mf- Tasit} Y9 T4 RUES AAIKE
o7 At H REAS o]gote] At A B
also] A7) Soll whel Bgek AAA S o] &afeof g
thl6] & Aelld s A9 a2 et &b flst
of E3g Az SA AldbEa o] obd A gka]ef o
gk 2 9 At BAE TS AR A8skaiTk

AR gk dB5E AL TR 2] 2
d dnk aAaRgAret 27t vlssste] Ak
Hgahe AEEAMN WAs Adsiaith dybdow
AEES a2 ate] 9] A9 ~E FAFH H
A R0 Aot 7o Hd Q1= 7 eke] 3
= Alito] At

A Ank A (DE A= 4 Aot

ZANkd = cos(0/180x7) X A+ B 1)

B AT e SAdAbEe et AEEH Q] EPECA
] E30B 3606 CAN ZAEZ#|9} th=Ate] DMI-5S 4+
& faZEeo] FAE RUHH Al~"S FEsl

DMI-5S AHg & t2=F o] x]= WVGA(800x430,
5:3)¢] =S 600cde] 5912 TFT LCDelH
CAN-RS232 dlo|§] F4ls At} Yl Z2 A=
= ARM Cortex M4 & 71 glom gx2=a8 2 87)
o] HE =g JHFA R ALE3I) 8 Coo] F
A A ZEagoen vE e 9 goluyy s &
£ F de o] AHTL

EPECAFe] E30B 3606 CAN HEZ2 = 16/32HE
CPUZ W#sta 9. CODESYS V2302 & 7e)
B drk wgk =9 ARl QI F o]~ = CAN 20B
& AREste] TgH] B AR f AlolE A% HEE
212 A3hek Aol tH][9].

% 62 Visual TFT9F GUI Z219 34dS
23k Zoln] 18] 78 E30B 3606 CAN AEZ# 9} o
o A3 5 ARtk

Y o

- 267 -



A Study on Realization of Display System for Monitoring of Heavy Equipment State

il R T s 2w Qe (o

_.J.B.ﬂ_mxduﬂ_-_mhiﬁ.ﬂ_lm_ﬂ_u_ il
REL B GUL BLBLS R L™ | M,.i_“;&.'” [i

00:00 f

a2l 6. Visual TFT2F GUI =2T2ig stH [7]
Figure 6 Visual TFT and GUI Programming Screen [7]

O3 7. A8 HAE X3

Figure 7 Test Jig for Experiment
https://epec.fi/products/control-system-products-3606/

a9 8 ¥ Aol ARt Z4gke vag 915
7] 918 AZake agloln] AAgte] HaZeo] 4
of A A5E LTt oRg Avne APAo]
o).

F|gure 8. Actual Measurement and Display

% 9 9] olsh 2w el dFA Y] 43
# lojE] Ado] FFsaAE APH Aol

8 9. 2 Zo|, Zx 3 &Fof we Holg ME
Figure 9. Data Transmission for Length, Angle and Payload of
the Boom

agl 10. MEE0| 100% o|atel F<o| vif S8 sia
Figure 10. Wheel Lifting Phenomenon When the Overturn
Rate is 100% or More

TS 1% 10 AEEC] 100% o1 d W vl =

- 268 -



The Journal of the Convergence on Culture Technology (JCCT)
Vol. 5, No. 3, pp.263—269. August 31, 2019. pISSN 2384—0358, eISSN 2384—0366

v. 2 &
H Ao B Lol 24T £ 9= A4, B o
ZH 9| #9-59] ArtE SAE = ZheAlA g

o Al RAE SR 5
ANE GAT 5 2o 5
o8 g2 tlzFdlolsks Azule TN,
AzRel AL B 4F ANZEE %2 9
o] x}2kA|o]7]2] EPECAL] E30B 3606 CAN E S
2ol Wyl Aoj71olH ARk AuE A3} 7|E F
28 RS tharbe] DMISS %14 tjaseo] 24
o] CANOpen ZZEZS o] §3te] ks ssinh

ARE Al QojAlE T 2H %27} o
Hlo] &3t Feele] Tt vlste] Adel ANE
AL S AHTR 00 2 FAEe] e A 9
gHe 8L Botel APl Y A A2
& #2390

¥ AT atol Tl Al JeE s A
¥ 5o) w42 tlaZelo] 442 Fal A A
& % 9 sk

References

[1] Kwon, Cha-Uk, “Development of a Monitoring
System Based on the Cooperation of Image and
Sensor Information”, Daegu Univ. Master's
Thesis 2010

[2] Joosup Jang, "Type and Using Example of the
Special Purpose Vehicle”, Auto Journal, Vol.35
No.1, 2013

[3] Chang-Koan Son, Se-Chun Oh, Eui-Ryong
Kim, Sin-Ryeong Kim, Young-Gon Kim, "A
Study on Automotive Diagnostic System using
CAN, CAN FD, FlexRay”, JIIBC, Vol16, No.6
pp. 311-318, 2016

https://doi.org/10.7236/JIIBC.2016.16.6.311

[4] Park, Gun Woo, “A study on the Development
of CANopen Protocol using UML”, Hanyang
Univ. Master’s Thesis 2008

[5] Pyo, Se-Young, Kim, Kee-Hwan, “A Study on
Remote Fault Diagnosis System of
Special-purposed Vehicle”, JCCT, Vol4d Nod4,
2017
http://dx.doi.org/10.17703/JCCT.2018 4.3.221

[6] Jang, Hyo-Pil, “Compensation of Relation

Formula between Luffing Wire Tension and
Overturning Moment in a Crawler Crane
Considering the Deflection of Boom”, Donga
Univ. Master’s Thesis 2011

[7] http://www.das—co.com/

[8] https://epec.fi/products/control-system-products

[9] Sangbong Park, Daeseung Jeong, "Design and
implementation of Serial Communication for IoT
Sensing Technology”, JCCT, Vol3 No.3, 2017
http://dx.doi.org/10.17703/JCCT.2017.3.3.27

¥ o] =R 20183hd% AW shw
AT Ao 93] FlE AT

- 269 -



