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A Comparative Study on Productivity Analysis of Automated
Pavement Crack Sealing Machines

ABSTRACT

Pavement crack sealing method, which is one of the methods to maintain and repair the road, prevents the extending of cracks by
repairing cracks in its early occurrence and has already been applied to many roadworks in advanced foreign country for a long time.
But in the conventional crack sealing method, traffic accidents occur frequently during the repair because it’s commonly performed on
the heavy traffic road or highway. It also has some difficulties in securing the safety of workers from the risk of burns caused by heated
sealant. In an effort to solve these problems, automated pavement crack sealing machines such as ARMM, OCCSM, TTLS have been
developed in advanced foreign country since early 1990s. Also APCS in 2004 and ACSTM in 2013 were already developed
domestically. However, since these automated crack sealers developed from a number of research institutions have different test-bed
conditions and productivity measurement models, it’s difficult to compare and evaluate them objectively. In this study, the image
processing time of the respective machines and the movement time of each motion on the work process were estimated by using fully
autonomous mapping and semi-automatic mapping in order to measure the productivity in the same environmental conditions. In
addition, the productivity measurement test-bed reflected domestic road characteristics was designed to estimate and compare the
productivity of the automated crack sealing machines.

Key words : Productivity measurement model, Automated crack sealer, Test-Bed, Crack sealing
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Fig. 1. Development History of the Automated Crack Sealing Machines

Table 1. Features of the Automated Crack Sealing Machines

The Name of Equipment OCCSM

APCS

The Features of Equipment

=WV N
=| mm -

wd T
—ul

Integrated type(single-unit)

Unit Unit Integrated type(single-unit) Separated type(multi-unit)
configuration |Type of sealable crack | Longitudinal and Transverse crack | Longitudinal and Transverse crack | Longitudinal and Transverse crack
and Target crack Manipulator Multi-DOF manipulator X-Y manipulator X1-X2-Y manipulator
Path planning O O O
Sensing and Tmage acquisition and CCD Cam CCD Cam CCD Cam
Control part Crack recognition Semi-automatic mapping Ful.ly autono'mous an'd Ful}y autonoTnous @d
Semi-automatic mapping Semi-automatic mapping
Air blowing x O O
End effector Squeezing Brush-type squeeze U-type squeeze U-type squeeze
Pressing Spring pressing Air pressing Air pressing
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Fig. 2. Work Flow of the Automated Crack Sealing Machines

Productivity Measurement Model
Total Length of Crack Sealed(L)
= Total operational time of each motion
(Tb+TaorTe+1+8)

: Machine ' s movement time to the work area

: End-effector ' s movement time to the target crack

: End-effector ' s returning time to the starting point after the completion of task
1 : Pavement image acquisition time

S : crack sealing time (Blowing-Sealing-Squeezing duration)

Productivity of
Automated Crack
Sealing Machine(P)

Fig. 3. Productivity Measurement Model for the Automated Crack
Sealing Machines
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Table 4. Regulations for the Design Criteria of Road Width

Minimum width of road (m)
Type of road Road for
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compact car
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Fig. 5. Lane Status of Domestic Roads by the Grade
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TR Bl o5 505.2%, A= Aol 1,0102%,
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Fig. 6. The Design of Test-bed Reflected Domestic Road Characteristics
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4.1.2 APCS EH[o| Xlo AQA|ZH EH

APCS A= 598 Hl2EH= U] & Zo] 161.34me] T2
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7re Baksh, Hl2EH = U] & 1617]¢] ZgodolSs FAdsich
i) APCS )&= A2ils 53817] $fsl & 1619 o)53t
I gk AR FAEITFig. 8). S 24 ] AldE
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Fig. 8. Simulation Results of APCS Operation Within the Test-bed
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Fig. 9. Simulation Results of ACSTM Operation Within the Test-bed
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4.1.3 ACSTM ZH[9] X2 AQA[ZH =X

g 2410] HAEH e & o] 161.34m =2le] 212
A9)8 Zraa)7] $18) ACSTM 2] 2.4mx1.4me] 4] 2133
Ag TlEow APTILe BN, HAEH = ) % 887
Ajogele Ak web) ACSTM gl Aaele Sayst
7] §18 % 88 o) FHkaL AR A= BAHITFig. 9).
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kst Znle] g 54 md(Fig. 3)el] oJsf Tha Table 59}
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Table 5. Work Productivity of the Automated Crack Sealers

Name of Equipment OCCSM | APCS | ACSTM
Total sealed crack length (m) 16134 | 161.34 | 161.34
Image processing time (sec) 201 144.9 281.6

End-effector’s movement time (sec) | 505.2 | 551.01 | 429.94

Crack sealing time (sec) 1010.16 | 896.34 | 896.33

End effector’s Returning time to the

. 623.35 | 916.87 | 593.57
zero point (sec)

Movement time to the next work area

558.56 | 1191.69 | 677.25
(sec)

Total operational time (sec) 2467.27 |3117.48 | 2423.55

Work productivity (m/s) 0.0654 | 0.0518 | 0.0666

Table 6. Productivity Achievement Rate (PAR) of the Each
Automated Crack Sealing Machines (Unit : %)

OP| 0OCCSM APCS ACSTM

AP (2003) (2004) (2013)
OCCSM 100.00 126.29 98.23
APCS 79.18 100.00 77.78
ACSTM 101.81 128.57 100.00

Ze g g]7] wzel] ACSTM 4| ¢} Bluste] 2he] rkde]
sk Zloz Btk

oje} o] ARk 2z} o] 2] WS 8ARE A7
o] WA (Pday=Pxx60x60x8 sec/day) o 2 3HI8F - OCCSM,
APCS 51 ACSTM 74| Z¥zhe] el 249 A2 1.883km/day,
1.491km/day, 1.917km/day?] Aoz A=) B o=
Table Sollx =25 7 )] dd 2] AHds Bz 2
=12l 55} 2a)e] A S 1] &(Productivity Achievement
Ratio; PAR=Actual Productivity/Obtainable Productivity)< &
2J&}9Itk(Table 6). L Az} 2013 7 ACSTM AH]o] e
2] AL 2003 7R OCCSM e 2191 211 kA
the] oF 1.81% dPd=|Slom, 200413 7ieke APCS 7)) A9
2] A o] oF 28.57% aE Aog B

ok M2

iisA

5.2

B A7 Iuie] tiere] el T =i AkEst
o] 2 Ards AR FdeE 23 el S78sk] flsted
= =2 $go] Zds] wide g 24 BlE| =5 st
al, 7 FER) AEs) o] S UEE Rl e AR}
Aol W 7 ke olgARks Bl of dl
A= OCCSM, APCS, ACSTM AH1E thde g slien o5
3 ==d e vt 2k

(1) & Arelx] =die] 2] 2psst gule] /pdass &4
3} A3} n)=tolx}i= CMU Laboratory Prototype, UT Filed
Prototype, ARMM, ACSM, LCSM, TTLS, OCCSM &<
TR 2Fss] gu)7E 7 bl glom, Fujeli= APCS
¢} ACSTMe] 7iakel A0 & AT AAP7EA] =ufe]ol
A 7k A Ass) )] Sl S0 9 e
FHAE 25 AEst o s ARE ¢ gla, wAl HEE
ARgBte] =2 ol IS QI = glom, A
b3} 7] AP} ARtEe] ) )] 28 =
% A3} il SujelAo 2 4ZARMM, OCCSM, APCS,
ACSTM)¢] |7} EAsh= Ao g B4 ¥ ]t

() Z22 AEs} o] e ZRALE B A7 2
S]] o), o] WAE ERvie) RS, A9
ZeiA)e) Bl o, AAFR) A A Reg-m-27)
%), A% 22 5 Blgle] 94 ¥le) 7 e 74
= 3o® BAE9Ic) 3k, OCCSM, APCS, ACSTM 3%¢]
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