
 Procedia CIRP   44  ( 2016 )  269 – 274 

Available online at www.sciencedirect.com

2212-8271 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the 6th CIRP Conference on Assembly Technologies and Systems (CATS)
doi: 10.1016/j.procir.2016.02.108 

ScienceDirect

6th CIRP Conference on Assembly Technologies and Systems (CATS)

Human-Machine Interaction for Intuitive Programming of Assembly Tasks
in Construction

Sven Stumma,*, Johannes Braumannb,c, Sigrid Brell-Cokcana,c

aIndividualized Production, RWTH Aachen University, 52062 Aachen, Germany
bUsg Linz, 4040 Linz, Austria

cAssociation for Robots in Architecture, 1060 Vienna, Austria
∗ Corresponding author. Tel.: +49-241-80-95013; fax: +49-241-80-92374. E-mail address: stumm@ip.rwth-aachen.de

Abstract

A variety of robot programming techniques exists ranging from constraint based over skill based programming to learning by demonstration. In

order to extend their applicability propose to join some of these approaches. We therefore combine visual CAD based programming with skill

based programming through demonstration. This constitutes the basis of the outlines strategy. We then employ human feedback through hand

gestures for incremental parameter modification. We propose this approach in order to potentially lower times to production for new products and

allow efficient use of robotics in low lot-sizes especially in the context of assembly for construction.
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1. Introduction

Classic industrial robot programming is a static process: In

order to achieve a certain motion, a set of predefined positions

in Cartesian coordinates or axis angles are used for motion plan-

ning. This process creates a predictability within robot posi-

tioning but does not offer the flexibility that is required to deal

with high tolerances. To compensate for measurement differ-

ences and product variations sensors can be used for dynamic

adaptation of positions. This approach is especially feasible in

conjunction with high product quantities. However, in order to

achieve lower changeover times and to utilize the flexibility of

robotics for mass customization and the production of individ-

ualized products new methods need to be integrated. A number

of approaches were created within mobile and service robotics

which have to be able to work within unknown, dynamically

changing and seldom predictably environments. Though a wide

variety of approaches exist, the common denominator is a pro-

cess of autonomous decision making. The results of this pro-

cess can either be unpredictable, as is the case with autonomous

behavior, or hard to define and program, as is the case with state

machine based approaches.

The complexity of working with uncertainty and tolerances re-

quires a deeper knowledge in multiple areas of robotics. In or-

der to make robotics accessible to a wider range of workers this

complexity needs to be mediated. While constraint based robot

programming [1] made accessible implementation for a variety

of tasks possible it still requires detailed knowledge of control

theories and controller strategies. Constraints need to be de-

fined and the resulting motion is not intuitive for people with a

less technical background.

The application of robotics in construction constitutes an ideal

and difficult testing environment. Construction environments

are inherently unstructured. Due to fluctuations within the work

force a number of untrained personal needs to be able to control

and manipulate robotic tasks. In most cases robots also need to

perform their tasks without separating safety measures in direct

collaboration with human workers. The Association for Robots

in Architecture works on making robotics accessible to the cre-

ative community. An approach that had significant success was

the combination of graphical programming of parametric ge-

ometries with robotics, allowing for parametric robot control

and mass customization.

While being easy to use, this user-friendly approach focuses

on CAD based robot programming and currently does not in-

clude sensor feedback. New industrial controller systems allow

a more direct access to robot actuators and a more extensive

use of sensors. At the same time industrial robot manufactures

want to extend the use of robotics through mobile platform de-

velopment.
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Both developments need to be considered for easy-to-program

interfaces for new industrial robots. We present our first con-

cepts and results for a new combined approach towards trans-

portable robot programming. The approach combines interac-

tive, skill based [2], constraint based [1] and parametric robot

programming [3]. Within this paper we present the considered

methodology as illustrated in figure 1 that extends the paramet-

ric robot programming. The central building block will be de-

scribed in more detail in section 6.

Fig. 1. The programming methodology.

2. Robots in the Construction Industry

The construction industry has always aspired to reach a sim-

ilar degree of automation as the automotive industry. However,

where the production lines of the automotive industry are fabri-

cating a single product with only slight variances over the entire

product’s lifetime, especially the high-end construction indus-

try deals with small lot sizes where in an extreme case a façade

structure may consist only of unique panel geometries. Cur-

rently, many building components are therefore manually fit-

ted on-site by workers, especially in low-wage countries where

construction tolerances are generally accepted to be higher.

Strategies such as BIM (Building Information Modeling) [4]

attempt to control construction processes in a more effective

fashion by working with intelligent objects that can be assigned

properties and parameters. Rather than drawing lines and ap-

plying hatchings to declare materials, objects such as walls are

directly placed in a 3D-environment and given parameters that

set their construction phase, material, and even costs. This re-

sults in a model theoretically capable of organizing the assem-

bly of highly complex building structures. However, in order to

communicate with the workers on-site, this complex model has

again to be broken down into printed, physical plan drawings,

which are then followed by workers with a certain amount of

autonomy. In practice, even the most well-planned construction

site is therefore an unstructured environment where the current

state of the site only loosely correlates with the building infor-

mation model’s construction phase.

Thus, the main challenges of automation in the construction

industry are the small lot sizes and the unstructured environ-

ments, coupled with the generally high complexity of modern

buildings. In order to establish robots in construction thy need

to be able to mediate the complexity and should therefore be

easily programmable for a wide variety of tasks.

3. Parametric Robot Control

Commercial software for the programming and simulation

of robotic arms such as KUKA SimPro are modeled after the

teaching by demonstration process of robotic arms. Rather than

guiding the physical robot, a digital model is placed in 3D-

space and the robot’s positions are recorded. These movement

component can then be coupled with logic components to han-

dle subprograms, loops, conditionals, etc. For many industrial

processes, such a work flow is ideal as it allows an intuitive and

safe interaction with the robot. While it requires a relatively

large time-investment into the programming of more complex

cycles, the generated revenue by the mass-production of the re-

sulting element easily offsets the programming costs.

Challenges only arise with smaller lot sizes, where the program-

ming makes up an increasingly large part of the costs of the fi-

nal product. This is exacerbated in the construction industry,

where complex, free-formed buildings can consist of countless

individual parts. In order to cope with this complexity, we can

utilize the fact that these individual parts are often based on a

single, global topology that is then adjusted to fit the local con-

ditions, e. g. a façade that uses a standardized aluminum profile

system to create simple n-gons, which can vary in size, angle,

and filling material (transparent/opaque). Rather than manu-

ally drawing hundreds of individual panels, parametric design

software today allows architects and designers to create a sin-

gle, parametric model that can be dynamically fitted to the local

conditions.

In previous research we have developed software tools that

allow us to directly integrate the fabrication logic into the

same parametric model that controls the geometric shape of the

model [5]. Thus, whenever a parametric object is adapted to

new local conditions, not only its geometry but also its con-

struction logic is updated, enabling the immediate robotic fab-

rication of the part as is illustrated in Figure 2.

Fig. 2. Parametric robot control through KUKA | prc: Visual programming

components (below), robot simulation with axis graph (above).
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