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ABSTRACT 
Recently, there has been a lot of interest concerning remote-control construction robot manipulation in 
hazardous operation environments including construction sites. However, there are problems involving 
the method of remote-control in unstructured work environments such as construction sites. In this study, 
an improved MFR system is described, which helps a human operator to easily install construction 
materials through an intuitive Operator Control Unit (OCU) on construction sites. The OCU consists of a 
force reflecting joystick and a vision system. The active compliance control and bilateral communication 
for strategic control is also described. In order to evaluate the proposed OCU, the installation of 
construction materials is simulated. 

KEYWORDS 
Intuitive, OCU (Operator Control Unit), Construction Site 

1. INTRODUCTION 
Recent research has found that a lack of skilled 
manpower in the construction industry is rapidly 
becoming a serious problem. One of the solutions 
suggested to solve these problems is robotization 
or automatic installation [1]. Since the late 1980s, 
construction robots have helped operators perform 
hazardous, tedious, and health-endangering tasks 
in heavy material handling. Isao et al. discussed 
the appropriateness of the automation technology 
for installation of a curtain wall [2]. Masatoshi et 
al. proposed the automated building interior 
finishing system and a suitable structural work 
method is described [3]. Lee et al. developed an 
automation system (ASCI; Automation System for 
Curtain Wall Installation) that is suitable for 
mechanized construction, which enables simpler 

and more precise installation than existing 
construction methods, while improving safety 
during installation [4]. 

Robots can be classified into two groups: those 
that can carry out work and coexist with humans in 
atypical environments unlike production factories, 
and those that do repeated work according to a 
standard program such as part assembly, or 
welding and coating in the automobile or 
electronics industries. In this discussion, a field 
robot is defined as one that executes orders while 
moving around in a dynamic environment where 
structures, operators, and equipment are constantly 
changing [5,6]. Until now, the development 
process of field robots has focused on the single-
task robots, separate from planning to designing, 
production, testing, and inspection. This separation 
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leads to the inefficient use of time and resources as 
well as to limited utility. In order to solve this 
problem, a Multipurpose Field Robot (MFR) is 
suggested, as shown in Figure 1 [7]. 

 
Figure 1 Framework of MFR 

Construction robots are defined as field robots that 
execute orders while operating in a dynamic 
environment where structures, operators, and 
equipment are constantly changing. Therefore, a 
guidance or remote-controlled system is the natural 
way to implement construction robot manipulators 
[8, 9]. However, remote-controlled systems have 
to overcome some problems. For example, it is 
difficult to cope with malfunctions immediately 
when unexpected situations occur during 
construction work. In addition, it is difficult to 
gain environmental information for suitable 
operator commands. 

In this paper, the intuitive Operator Control Unit 
(OCU) is introduced in order to solve these sorts of 
problems when the remote-controlled MFR is 
operated. The intuitive OCU consists of a force 
reflecting joystick and a monitoring device, which 
grasps the situation around the MFR. The control 
strategies are bilateral communication and active 
compliance control for smooth interaction between 
a human and a robot. Recently, an experiment 
related to installing the construction materials was 
executed by applying the proposed intuitive OCU 
to the MFR system. 

2. MFR SYSTEM PROBLEMS 
The MFR system was developed by Lee et al.[7] 
for installing heavy construction materials. The 
MFR system combines a basic system with an 
additional module for construction. Considering 
the workspace and mobility, a 6DOF manipulator 

and a 3DOF mobile platform were suggested for 
use in the basic system. Moreover, it is possible to 
change the elements of the basic system according 
to load specifications. An additional module, 
which is used for construction work along with 
various devices, is suggested to incorporate the 
MFR in construction work. It consists of hardware 
(HRI: Human-Robot Interface) and software (HRC 
control: Human- Robot Cooperative control). This 
system was used in experiments for installing 
construction material. Figure 2 shows the MFR 
system that consists of the basic system and the 
additional module for construction work. 

Figure 3 shows a simulation of the installation of 
construction materials with the proposed MFR 
system. The operator manipulates the HRI device 
near the MFR. A serious accident may occur when 
an unexpected situation occurs during installation 
operation.  
 

 
Figure 2 MFR System for Construction Work 

 
Figure 3 Simulation of Installing Construction 

Materials 

In this study, the upgraded additional module is 
introduced: the intuitive OCU for a remote-
controlled MFR system. 
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3. UPGRADED ADDITIONAL 

MODULE: INTUITIVE OCU 
3.1 Hardware 
The hardware of the upgraded additional module is 
partitioned into an intuitive OCU, an end-effector, 
a CCD camera. A 6DOF manipulator and a 3DOF 
mobile platform are controlled by the intuitive 
OCU. The construction robot control makes use of 
a remote-controlled system. This control method is 
important because the operator does not get 
accurate information about work and situations, in 
order to respond instantly during changing work 
environments in real time. To address these 
problems, the concept of a force-reflecting joystick 
and a vision system is introduced, which transmit 
work information to the operator. The operator 
controls the manipulator using the joystick of the 
intuitive OCU, as shown in Figure 4, to perform 
theinstallation. There are 8 channels for work 
performance on the force-reflecting joystick and a 
lever rotates to the front, back, left, and right sides. 
It consists of a lever installed gear box, a motor to 
execute the force-reflection, a potentiometer to 
measure the rotating angle of the lever, and a 
control circuit device.  

Figure 5 shows the F/T sensor for measuring 
contact force. If the construction material contacts 
to the environment (experiment system), 
information concerning the contact force is 
transmitted to the reflecting joystick through a 
wireless module. A motor rotates according to the 
signal of the transmitted information that is 
transmitted to the installed control circuit device at 
the lever in the force-reflecting joystick. Therefore, 
the operator will know the contact situation of a 
construction material through the reaction force by 
the rotating lever. The construction material can be 
installed safely by grasping the work situation of 
the robot through a CCD camera on the 
manipulator. 

The end-effector of a construction robot varies 
according to the properties of the construction 
materials. Since this paper aims at installing 
construction materials with relatively smooth 
surfaces, a vacuum suction device is used as the 
end-effector. If the vacuum suction device that is 
located between the HRI device and the 
construction material makes a vacuum contact with 

the use of a motor, the construction material and 
end-effector are strongly attached to each other. 
Additional safety devices for the operator and an 
alarm device for alerting neighboring operators of 
the robot operation are necessary, while 
considering environmental conditions and 
characteristics of construction sites. Also necessary 
are control devices and interfaces that implement 
software and the separate power supply systems to 
operate the robot.  

 
Figure 4 Force-Reflection Joystick  

(Logitech Co.) 

 
Figure 5 F/T Sensor for Measuring Contact 

Force 

3.2 Software 
The software of the upgraded additional module 
refers to a control algorithm which is necessary for 
installing construction material with the intuitive 
OCU. In this paper, ‘free space motion control’ 
and ‘constrained motion control’ are proposed as 
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methods to control a MFR with the intuitive OCU. 
The free motion control is used to carry 
construction materials to a desired position. The 
constrained motion control is used to install 
construction materials and precisely move them 
when the end-effector of the manipulator contacts 
the environment. Bilateral communication and an 
active compliance control are proposed for the 
constrained motion control. Bilateral 
communication can occur for two situations 
simultaneously. Initially, the operator transmits 
command signals to the force reflecting joystick. 
Then, the input signals have cartesian-space 
coordinate system attributes. These are different 
attributes than the joint-space coordinate system 
for the driving actuators of the manipulator. 
Simultaneously, reaction forces are transmitted to 
the operator when the end-effector of the 
manipulator contacts the environment. Figure 6 
shows the flowchart for the bilateral 
communication. The active compliance control 
algorithm is executed based on the operator’s 
commands (forces), which are input by the force-
reflecting joystick of the intuitive OCU, and 
information on the reaction forces obtained by the 
manipulator of the MFR when it contacts the 
environment. It can protect the MFR system and 
the construction material by regulating the system 
compliance when contact with the environment 
occurs. If the reaction forces exceed the elastic 
limit of the construction material, then a 
manipulator moves the position, which reduces the 
reaction forces. At the same time, the operator is 
able to intuitively control through the reaction 
forces when the manipulator of the MFR makes 
contact with the environment at a long distance. 
Figure 7 and Table 1 show the signal flow of the 
control system. 

4. EXPERIMENT 

An experiment for installing construction material 
was implemented, in order to evaluate the 
performance of the proposed intuitive OCU. 
Initially, construction material on the ground is 
gripped to the MFR with a vacuum suction device, 
and the MFR is moved to an installation position 
by command signal of the intuitive OCU. The 
operator can handle the construction materials 
through a CCD camera that is attached to the body 
of the manipulator as shown in Figure 8. The 
construction material carried to the vicinity of an 

installation position is installed through interaction 
with experiment system. That is, compliance 
occurs upon contact, so that the press pit for the 
construction material and the MFR system is 
completed safely. Furthermore, at this time, the 
reaction force is transmitted to the operator and it 
provides an effective operator command. In this 
experiment, the weight of construction material 
was limited to 60[N], which considers the 
specifications of the manipulator and the 
manufactured models of a curtain wall that is a 
type of huge construction material. 

 
Figure 6 Flowchart for Bilateral 

Communication 

Table 1 Signal Description of Figure 7 

Signals Description  

A  Command signals (cartesian-
coordinate system) 

B  Digital signals 
C,H  Wireless signals 
D  Control signals (current) 

E  Contact forces 

F  Reaction forces 

G  Sensor signals (analog signals) 
I  Reaction force signals 

J  Control signals (current) 

K  Reaction forces 
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Figure 7 Signal Flow of Control System 

 
Figure 8 Experiment System 

 
Figure 9 Experiment Result (Contact Force) 

 
Figure 9 shows the contact force from the 
simulation for installing construction material 
using an experimental system. A section from 1 
second to 8 seconds is a free-space motion, in 
which the construction material is carried to the 
installation position. A section from ‘A’ to ‘B’ is a 
step to control the compliance when contact with 
the environment occurs. After 17 seconds, a 
construction material controlling the compliance is 
carried horizontally and vertically to be inserted 
between the supporting board. This signal is 
transmitted to the motor controller in the intuitive 
OCU through the wireless module. 

5. CONCLUSION 
The proposed intuitive OCU combines force 
reflection with a vision system. An operator 
receives transmitted reaction forces from a force 
reflecting joystick with bilateral communication. 
The active compliance control algorithm is 
executed that is based on an operator’s commands 
(forces), which are input by the force-reflecting 
joystick of the intuitive OCU and information on 
the reaction forces obtained by the manipulator of 
the MFR when it contacts the environment. It can 
protect the MFR system and the construction 
material by regulating of system compliance when 
contact with the environment occurs. This 
algorithm is verified by the results of the 
experiment for installing the construction material. 
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The intuitive OCU is expected to conduct safer and 
more accurate work at construction sites as well as 
hazardous environments that a human will not 
likely approach. In the near future, an autonomous 
MFR system will be developed that can avoid 
obstacles and generate a path automatically when 
moving from point-to-point in construction sites. 

6. ACKNOWLEDGMENT 
This research was supported by the Innovation Of 
Construction Technologies Program and funded by 
the Ministry of Construction & Transportation of 
Korean government (06Advanced FusionC01) 
and SRC/ERC program of MOST (grant # R11-
2005- 056-03003-0). 

7. REFERENCES 
[1] Roozbeh K., (1985) “Advanced robotics in 

civil engineering and construction”, 
International Conference on Advanced 
Robotics (ICRA ’85), St. Louis, Missouri. 

[2] Isao S., Hidetoshi O., Nobuhiro T., and Hideo 
T. (1996) Development of automated exterior 
curtain wall installation system, International 
Symposium on Automation and Robotics in 
Construction (ISARC’96), Tokyo, Japan. 

[3] Masatoshi, H., Yukio, H., Hisashi, M., Kinya, 
T., Sigeyuki, K., Kohtarou, M., Tomoyuki, T., 
and Takumi, O. (1996) Development of 

interior finishing unit assembly system with 
robot: WASCOR IV research project report. 
Automation in Construction, Vol.5, No.1 31-
38. 

[4] Lee, S.Y., Lee, K.Y., Park, B.S., and Han, C.S., 
(2006) A Multidegree-of-freedom manipulator 
for curtain-wall installation, Journal of Field 
Robotics, Vol.23, No.5 347-360. 

[5] Lee, S.H., Adams, T.M. and Ryoo, B.Y. (1997) 
A fuzzy navigation system for mobile 
construction robot, Automation in 
Construction, Vol. 6, No. 2 97-107. 

[6] Lee, H.G. (2002) Field Robot, Journal of the 
KSME, Vol. 42, Vol. 3 52-55. 

[7] Lee, S.Y., Lee, Y.S, Park, B.S, Lee, S.H. and 
Han, C.S. (2007) MFR (Multipurpose Field 
Robot) for installing construction materials, 
Autonomous Robots, Vol. 22, No. 3 265-280. 

[8] Hirabayashi, T., Akizono, J. Yamamoto, T., 
Sakai, H. and Yano, H. (2006) Teleoperation 
of construction machines with haptic 
information for underwater applications, 
Automation inConstruction, Vol. 15, No. 5 
563-570. 

[9] Bernold, L.E (2007) Control schemes for 
telerobotic pipe installation, Automation in 
Construction, Vol. 16, No. 4 518-524. 

 

S. Lee, S. Yu, S. Lee & C. Han264



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


