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ABSTRACT 

This report discuss the journey of a laser navigation system for Automatic Guided 
Vehicles (AGVs) developed in a research project at Luleå University of Technology 
in the late 80’s up until today. The focus is on the commercialisation aspects of the 
system. The aim is to highlight and discuss the impact of certain events, 
circumstances and technical features that has influenced the current position of the 
laser navigation system in the market for Automatic Guided Vehicle Systems 
(AGVS). The innovation aspects are also discussed in the report. 
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PREFACE 

The idea to this report came after reading a report published by the confederation of 
Swedish Enterprise (Svenskt Näringsliv), a business federation in Sweden. The 
report, ”The Hunt for Innovations (2012)” (freely translated from ”Jakten på 
Innovationer”), analyses the success rate of venture capital companies that the 
Swedish government started in the later part of the 80’s in different regions of 
Sweden. One of the companies was Rödkallen AB, to which the spinoff company 
AutoNavigator AB was a subsidiary. The goal with AutoNavigator AB was to 
commercialize a laser based navigation system for AGVs originating from a 
research project at Luleå University of Technology during the late 80’s. 

The focus in the report from Swedish Enterprise is on the regional venture capital 
companies, but comments are given regarding some subsidiaries, among them 
AutoNavigator AB. The report states that Rödkallen AB bought AutoNavigator AB 
in 1990 and sold it to a competitor in 1992. The report from Swedish Enterprise 
contains incorrect statements. Rödkallen AB founded the company together with 
four researchers from the university. AutoNavigator AB was sold to a collaboration 
partner and not to a competitor. 

The report from Swedish Enterprise refers to a proposition from 1996 from Swedish 
National Audit Office (Riksdagens Revisorer), “Parliamentary Auditors suggestions 
regarding government involvement in regional venture capital companies” (freely 
translated from “Riksdagens revisorers förslag angående statligt engagemang i 
regionala investmentbolag”). The Swedish States return on investment from 
Rödkallen AB is discussed in the proposition. The auditor’s conclusion is that the 
Swedish State had lost 20 MSEK on the investment in Rödkallen AB, which was 
sold to a private company in 1993 (p. 30). Rödkallen AB’s importance from a 
regional perspective is also discussed (p. 84) where it is concluded that the 
investments made by Rödkallen AB have had a insignificant effect for the region 
(Norrbotten County). 

The author of this report is of the opinion that there is more to tell to put the role of 
AutoNavigator AB in a context in addition to the discussions in the report from 
Swedish Enterprise and the proposition from Swedish National Audit Office.  
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1 Introduction 

The reason to why the author of this report interrupted his research work at Luleå 
University of Technology in 1989 was the founding of the spinoff company 
AutoNavigator AB for which the author started to work. 

The research project with the goal to develop a laser navigation system for AGVs 
had at the time managed to navigate a test truck and demonstrate it at a technical 
fair. 

Almost 23 years has passed by since then so reflecting on commercial footprints 
made by the laser navigation system in the AGVS market is interesting from several 
perspectives. A question one can ask is if the laser navigation system is an 
innovation. We will look for an answer to that and also highlight and discuss the 
impact of certain events, circumstances and technical features that has influenced 
the current position of the laser navigation system on the AGVS market. 

The European Union (EU) defines innovation in a glossary section on the web as 
cited below. 

Innovation 
“An innovation is the implementation of a new or significantly improved product 
(good or service), or process, a new marketing method, or a new organisational 
method in business practices, workplace organisation or external relation. The 
minimum requirement for an innovation is that the product, process, marketing 
method or organisational method must be new (or significantly improved) to the 
firm.” 

1.1 Method 

Much of the discussions in the report are based on interviews with Mr Arne 
Hedström working for Kollmorgen Särö AB in Särö, Sweden. Mr Hedström has 
been in the AGV business working for NDC Netzler & Dahlgren Co AB, 
DanaherMotion Särö AB and now Kollmorgen Särö AB as a manager of technology 
development in different positions since the 70’s until today. 

The discussions are also based on interviews with Professor Kalevi Hyyppä at Luleå 
University of Technology. Professor Hyyppä was the inventor and the head of the 
research team working with the development of the laser navigation system in the 
80’s. 
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Mr Göran Netzler, former Managing Director of NDC Netzler & Dahlgren Co AB, 
and Chairman at NDC Automation Inc. (NASDAQ) has also given valuable inputs 
to the report. 

1.2 Outline of the report 

The outline of the report is as follows. In section 2, the AGV technology is 
discussed with focus on navigation techniques. In section 3, a historical background 
is given. Section 4 discusses events, circumstances and technical features that have 
influenced the position of the laser navigation system on the market for AGV 
systems. Some conclusions are presented in section 5. 

2 AGV technology 

2.1 Systems and vehicles 

An AGV system (AGVS) is a material handling system that uses independently 
operated, self-propelled vehicles (AGVs) guided along defined pathways. 

Barret Electronics of Grand Rapids, Michigan, USA is considered to be the first 
company that brought the AGV to the market in the 50’s, Müller (1983). One of the 
first AGVs was a tow truck pulling a series of trailers that followed a wire in the 
floor instead of rails. The market for AGVs was small until the 70’s when it started 
to expand in Europe. 

The speed of the AGVs is low - typically 1 – 1.5 m/s - since AGVs often operates in 
areas where people work so that specially designed safety systems can stop them in 
a controlled manner. Mechanical bumpers were common earlier, but lately laser 
based sensors have become the standard solution. 

Electrical drives are common, with large batteries as the energy source. Most AGVs 
are wheeled vehicles with solid tyres. The tricycle type is common, where the single 
front wheel is used both to control the steering angle and the speed of the vehicle. 
The load handling devices of the AGVs varies; forks and conveyor belts are two 
examples of common load handling devices. 

The main applications of AGVs are according to Schultze and Zaho (2007), 
production, connection of different work areas, order picking, warehousing and 
assembly. AGVs are often used in cases of consistent material flow connections. 

The warehousing and order-picking sector is characterized by high volume traffic 
from defined sources to defined drains. The AGVs employed in these applications 
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typically has a high loading capacity and are designed to carry unit loads such as 
standardized pallets. AGV systems with more than 100 vehicles are common in 
warehousing and order-picking applications. 

Inhomogeneous and changing loads characterize the assembly sector. The loading 
devices of the AGVs are often specific for the application and they often represent 
an assembly station of their own, the fitter riding along from one stationary 
assembly station to the next. 

AGV systems with few vehicles are also common. Many of these applications can 
be handled without a central control unit. The systems are characterized by low 
investments and simple maintenance. 

The original navigation technique (guidance technique) was based on wires buried 
in the floor that created a magnetic field that was detected by a receiver on the 
AGV. The task of the guidance controller was to follow the wire. 

Later developed navigation technologies intended for industrial use is according to 
Schultz and Zaho (2007); laser, magnetic/ground matrix, optical guideline and 
“others”. 

Schultze and Zaho note that trends like laser guided vehicles and flexible software 
lead to other advanced application areas. 

2.2 Laser navigation 

A brief description of the laser navigation system is given in this section. 

The detailed principal function of the navigation algorithms is discussed in 
Wiklund, Andersson and Hyyppä (1988). Technical details of the laser anglemeter 
are discussed in Hyyppä (1993c). 

The AGV in figure 1 is in the outside yard carrying a roll between the factory and 
the warehouse at the Tetra Pak plant in the Jurong district in Singapore. The laser 
anglemeter is placed on the top of the AGV measuring angles to retro-reflectors. A 
retro-reflector is visible close to the downpipe on the warehouse. The AGV is a 
tricycle with the single front wheel used to control both the steering angle and the 
speed of the AGV. The plastic device in the front of the AGV is a mechanical 
bumper. The stop distance is less than the length of stroke of the bumper at full 
load, which limits the maximum drive speed to 1 m/s. The AGVs can be used to 
transport both rolls and pallets. 

The system at Tetra Pak in Singapore is still in use and has been extended with four 
more AGVs since the original commissioning. The AGV control system has been 
upgraded a number of times, Hedström (2013).  
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Figure 1. The photograph shows one of 10 laser guided AGVs that were installed at 
Tetra Pak in Singapore in 1991. The photograph is published with the permission of 
Kollmorgen Särö AB. 

2.2.1 Pose estimator 
The laser anglemeter rotates a laser beam counter-clockwise at 6 rev/s. When the 
laser beam hits a retro-reflector, a single stripe of tape, it is reflected back in the 
same direction, thus “hitting” the laser anglemeter which then registers the angle of 
the rotating head relative to the axis of the laser anglemeter. The measured angle is 
transmitted to the on-board navigation computer. Since the 2D positions of the 
retro-reflectors are known and stored in a reflector map, the measured angle can be 
associated to a retro-reflector in the map if the pose of the laser anglemeter is 
known or estimated with high accuracy. 

An “abundance” of retro-reflectors can be installed since they are not space 
demanding to ensure redundancy in case of blocked or lost retro-reflectors. 

When the navigation system is powered on, the pose of the vehicle is unknown and 
an initialisation of the pose estimate is necessary. The initialization procedure 
requires the vehicle to be standing still during the time measured angles from one 
revolution of the rotating head of the laser anglemeter are used to triangulate the 
pose, a method that requires at least four measured angles. The triangulated pose is 
used as the initial 2D pose estimate 𝑥, 𝑦, 𝜃  of the vehicle. (Estimates are denoted 
by the “hat” symbol.) It should be noted that the pose initialisation is done 
automatically with no requirements of complementing systems or that the vehicle 
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should be positioned in certain spot as long as the laser anglemeter is surrounded by 
four well spread out retro-reflectors. 

After the initial pose has been calculated, single measured angles are used one at a 
time to correct the estimated pose based on the Kalman filter method, which allows 
the vehicle to be in motion. The difference between the measured angle and the 
expected angle to the retro-reflector causing the reflection is used to correct the 
pose estimate. 

 
Figure 2. The sketch illustrates measurement of angles to retro-reflectors. Note that 
only one angle at a time is measured because of the rotation of the laser beam, 
implying that the pose of the vehicle changes between the measurements if the 
vehicle is in motion. 

Measurements of the steering angle and the speed of the vehicle are used to update 
a kinematic model that describes the motion of the vehicle. The kinematic model is 
initiated to the pose estimate that was last corrected by a measured angle to a retro-
reflector. A rough pose is then estimated, based on the kinematic model, at the time 
of the measured angle so that expected angles to retro-reflectors can be calculated. 
If the deviation between the measured angle and the expected angle to a reflector is 
small, the measured angle is associated to that reflector and the deviation is used to 
correct the rough estimate of the pose. 
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The association of a measured angle to the object causing the reflection is a key 
function in the navigation technique. There are several possible scenarios a few are 
listed below. 

• The angle originates from a surveyed retro-reflector with a correct position in the 
reflector map. 

• The angle originates from a stainless steel tube with a position not corresponding to 
the retro-reflector positions in the reflector map. 

• The angle originates from a retro-reflector with a correct position in the reflector 
map but there are one or more reflector positions in the map giving the same 
expected angle. 

• The angle originates from a retro-reflector that has been moved after the survey so 
that the measured angle and the expected angle differ significantly. 

If a measured angle is wrongly associated to a retro-reflector in the map and thereby 
used for correction, the resulting pose estimate can be totally erroneous resulting in 
collisions with fixed installations at the site or with other vehicles. Therefore, it is of 
importance that the angle used for correction originates from the true retro-reflector 
with a correct position in the reflector map to avoid production disturbances. 

A pose estimation safety system handles the lack of measured angles or angles that 
cannot be associated to retro-reflectors in the reflector map. Such measurements or 
lack of measurements causes the safety level to drop and when the level reaches 0% 
the vehicle is stopped. The vehicle will come to a stop in less than a second if 
consecutive measurements cannot be associated to retro-reflectors. Measured angles 
that are associated to retro-reflectors in the map increase the safety level up to 
100%. The safety level is not updated if the safety level is at 100% and the 
measured angle is associated to a retro-reflector in the map. 

Note that a measured angle can be disregarded even though it actually originates 
from a retro-reflector with a correct position in the map. This can happen if the 
sensors measuring the speed and steering angle gives inaccurate readings, resulting 
in incorrectly calculated expected angles to the retro-reflectors. 

2.2.2 Guidance controller 
The reference path of the vehicle is defined as a set of consecutive segments, where 
the end point of one segment is the start point of the next segment. A segment is 
mathematically defined as a 2D polynomial in the (x,y) plane of the plant. 

The first step in the guidance control of the vehicle along the reference path is to 
transform the pose estimate to a local co-ordinate system of the active segment. The 
second step is to calculate the distance error and the heading error to the segment. 
The distance error is the distance between the control point of the vehicle and 
nearest point on the segment. The control point is typically somewhere on the 
centreline of the vehicle, for instance in the mid point of the rear axle in case of a 
tricycle vehicle. The heading error is the difference between the heading of the 
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vehicle and the slope of the segment in the nearest point on the segment. The third 
step is to calculate the set value of the steering angle based on the distance and 
heading errors so that the vehicle follows the reference path smoothly. This is done 
by selecting appropriate weights of the distance error and the heading error to the 
segment in the guidance feedback controller. The wanted speed of the vehicle is 
given in the segment description and is used as the speed set value. 

The guidance safety function will stop the vehicle if the control point is outside a 
safety zone around the active segment. 

The laser guidance technique can be compare to a wire guided system; the only 
difference is that the wires are virtual and not physically embedded in the floor of 
the factory. In this context, it is important to note that the virtual wires do not have 
any limitations as the physicals wires have, for instance the magnetic field limiting 
the distance between them, implying that the virtual wires can be positioned 
arbitrarily in relation to each other. 

Remark: The first representation of the segments were straight lines, Andersson 
(1989), but have later been modified to curved shapes to avoid discontinuities in the 
connecting points and for better control of the sweep area of the vehicle in curves. 

2.2.3 Pros and cons 
A minimal disruption of production is a key aspect demanded from end customers 
during commissioning. The impact during commissioning of a laser navigation 
system in on-going production environments is low. Retro-reflectors are easy to 
install. The survey of the reflectors has very little disruptive impact on the 
production system. Much of the traffic and order processing can be simulated off-
line. 

The most common plant layouts are of the "half-open” character, which is well 
suited for laser navigation with a typical distance between the laser anglemeter and 
the retro-reflectors of 5-15 meters. 

There are no restrictions on the complexity of the traffic flow of AGVs and the 
reference paths that can be created since the paths are defined in a CAD system and 
the pose of the AGVs can be determined at every location in the plant. 

Installation of a laser navigation system in environments with environmental 
requirements can be done with advantage, since no action is required in the factory 
to prevent dusting during the installation. Destructive action of the plant is 
necessary for systems that use, for example, navigation references in the floor, such 
as wire guidance systems. Examples of applications with high environmental 
requirements are the food and pharmaceutical industries. 

An “abundance” of retro-reflectors can be installed since they are not space 
demanding to ensure redundancy in case of blocked or lost retro-reflectors. 
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The association of measurements made by the laser anglemeter to be either “true” 
or “false” ensures the robustness of the pose estimation method. Only measured 
angles to true reflectors are used in the correction of the pose estimate. 

The pose initialisation, after, for instance, powering-on, is done automatically with 
no requirements of complementing systems or that the vehicle should be positioned 
in certain spot as long as the laser anglemeter is surrounded by a minimum of four 
well spread out retro-reflectors. The “self-healing” property regarding the 
localization is in contrast to other navigation techniques that require external 
systems for the initialisation of the pose or that the AGV is manually moved to 
certain spots in the plant. 

Some environments are less suitable for the installation of retro-reflectors, for 
example, floor stacking areas where the line of sight is limited or the distance to 
walls / pillars / etc. is significant. 

Outdoor setting with large distances between the AGVs and walls / pillars / etc. are 
not appropriate due to the reduction of the detection distance of retro-reflectors that 
fog inflicts. 

2.3 Literature survey 

A survey of navigation methods for AGVs and mobile robot applications is found in 
Hyyppä (1993c). A brief review of later work is given in this section with focus 
solely on computer vision systems for AGV applications. The main argument for 
vision systems is that there is no need for special infrastructure to support the 
navigation function. 

Computer vision based navigation techniques are nowadays commercially 
available, where typically cameras are used for the navigation of the AGV. An 
alternative to the camera as the vision sensor is a sensor that illuminates objects 
with a laser and calculates the distance based on the reflected light. 

Kelly, Nagy, Stager and Unnikrishnan  (2007), summarizes a five year project with 
the goal to develop a computer vision based AGV system that does not require 
supporting infrastructure for the navigation and can handle load that are not placed 
in exact positions, which typically occurs when humans handles, for instance, 
pallets. Kelly et al. claims that the developed system is the first instance of an AGV 
that has operated successfully in a relevant environment for an extended period of 
time without relying on any special infrastructure. The system consisted of a tug 
truck and a forklift truck. A downward looking camera was used on both AGVs for 
the navigation utilizing the “mosaic-based localization” technique as discussed in 
Kelly (2000). Four separate visions systems were installed on the forklift AGV, two 
systems for positioning and two systems for perception (fork hole location and 
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stacking). The vision systems are based on cameras with the exception that the 
positioning system for trailer loading uses a laser sensor (LADAR). 

Seelinger and Yoder (2006) discuss a method to automatically engage a forklift 
truck to a pallet based on a vision system using cameras. No supporting 
infrastructure for the identification of the pallet was used. The system managed to 
engage successfully in 98 cases out of 100 with varying localisations of the pallet. 

Lecking, Wulf and Wagner (2006) discuss two laser based methods to locate and 
pick-up pallets. One method requires supporting infrastructure on the pallets (retro-
reflectors) whereas the other method relies only on geometrical information of the 
pallet. The method based on the retro-reflectors is claimed to be robust and can 
locate and pick-up the pallet even if the position of the pallet is completely 
unknown. The method based only on the geometrical information can handle pose 
errors of the pallet of ±150 mm in both the x-direction and y-direction and ±15 
degrees of orientation. 

Baglivo, Biasi, Bellomo, Bertolazzi and Da Lio (2011) presents a method based on 
both laser and camera for the problem of identifying and localizing the pallet. A 
state-of-the art survey regarding other methods is also presented. 

3 Historical background 

A historical background is presented in this section. The discussion is split into two 
sections, the research project at Luleå University of Technology that resulted in the 
spinoff company AutoNavigator AB and the company NDC Netzler & Dahlgren Co 
AB that played a significant role in the commercialization of the laser navigation 
system that was developed in the research project. 

3.1 The research project 

Prior to the research project the inventor of the laser navigation system worked with 
the development of star sensors for sounding rockets that could detect the light 
emitted from bright stars. A sounding rocket spins around its own axis and when the 
emitted light from a star hits the photodiode of the star sensor, a pulse is generated. 
The attitude angles of the sounding rocket can be calculated in an off-line procedure 
based on recorded time instances of the pulses, Hyyppä (1993c). 

Parts of the methods used in the sounding rocket application could be used for 
navigation of AGVs if the stars were replaced by retro-reflective stripes of tape and 
the illumination and detection of them was done by the laser anglemeter. 
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Figure 3. Luleå Turbo Turtle (LTT) in 2013. The design allows forks to be installed 
in the tower for load handling. 

The inventor received funding from Carl Tryggers Stiftelse för Vetenskaplig 
Forskning to initiate work with the development of the laser navigation system. The 
Swedish business journal Dagens Industri, which monitored granted proposals from 
Carls Tryggers Stiftelse för Vetenskaplig Forskning, noted the project and 
interviewed the inventor, in an article entitled “He creates the unmanned truck that 
moves freely in the factory” (freely translated from “Han skapar den förarlösa 
trucken som kan röra sig fritt i fabriken”). The article was published on January 13, 
1984. NDC Netzler & Dahlgren Co AB and a company that developed tailor made 
trucks contacted the inventor after the article was published. 

The truck company received funding from Stiftelsen för Teknisk Utveckling to 
develop, in collaboration with the inventor, a laser navigating AGV to be installed 
in a plant for production of electronic systems. The collaboration resulted in a 
patent and a prototype AGV later referred to LTT, Luleå Turbo Turtle. The 
company that developed tailor made trucks went out of business before the research 
project was completed. 

Urban Wiklund, Kent Mrozek and the author of this report were recruited to work 
in the research project. The Centek foundation at Luleå University of Technology 
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contributed with additional funding in the later part of the project so that the 
software and the hardware could be updated. Johan Nordlander, Jan-Erik Moström 
and Lars Bergström were engaged for this work. The show-off off the Centek era in 
the project was at the Technical Fair in Älvsjö outside Stockholm Sweden in 1989 
at which LTT was demonstrated. 

The research project resulted in licentiate theses by Wiklund (1988) and Andersson 
(1989) and a doctoral thesis by Hyyppä (1993c) besides the founding of 
AutoNavigator AB. 

3.2 NDC Netzler & Dahlgren Co AB 

NDC Netzler & Dahlgren Co AB (referred to as NDC AB in the remainder of the 
report) was founded 1962 in Gothenburg, Sweden. 

NDC AB became involved in the so-called Volvo Kalmar project in the early 70’s, 
the first installation of AGVs in Sweden. 

Volvo projected the Kalmar plant with the goal to create a flexible and ergonomic 
working environment. The assembly line was abandoned by the introduction of 
production cells. The cars under assembly were transported between the cells by 
AGVs. The design of the AGVs allowed the fitter to ride along and work with the 
car during the transport. NDC AB’s role in the project was to develop the control 
systems for the two first prototype AGVs so that the concept could be tested. The 
concept fulfilled the requirements that Volvo had. The plant was built and the AGV 
system was installed in full-scale in 1972. NDC AB continued during the 70’s to 
deliver control systems to other Volvo plants. 

NDC AB was involved in a number of other AGV projects in Sweden in the 70:ies 
in addition to the Volvo projects. Notable is the first installation of AGVs at Tetra 
Pak in 1975 at the site in Lund, Sweden, for transport of paper rolls. The system 
had, for that time, the unique property that it was integrated with the business 
system of the factory. The integration implied that the transport tasks for the AGVs 
were automatically generated from the production planning system, although 
transport tasks could be generated or altered by the operators in the factory. The 
operators also had the possibility to change the route of the AGVs and also 
manually control the AGVs with a hand held device. 
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Figure 4. The photograph is taken at Volvo’s plant in Kalmar, Sweden. Three out of 
280 AGVs carrying car bodies under assembly are visible. The AGVs navigates by 
following magnetic fields generated in wires buried in the floor. The photograph is 
published with permission of Kollmorgen Särö AB. 

The successes on the local Swedish market made NDC AB take the decision to 
develop their business model and introduce the technology on the international 
market. The business model implied that NDC AB provided a complete product line 
for AGV control with an architecture that made it easy for manufacturers of 
forklifts and material handling system to integrate and adapt the products to create 
customized transport solutions on their local markets. The model was based on a 
close and open collaboration with the supplier of the generic control technology 
(NDC AB) and companies utilizing the technology to continuously update the 
products with new functionality based on feedback from the suppliers needs. NDC 
AB limited its sales to a few partner companies within each market segment. 

The first partner companies, the customers of NDC AB, were material handling 
companies in France and Germany, soon followed by companies in Finland and 
Switzerland. A company, NDC Automation, was founded in Charlotte, NC USA for 
the American market. 
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The business model is still in use, now by Kollmorgen Särö AB subsidiary to the 
American company Danaher who bought NDC AB in 2001. 

4 The journey of the laser navigation system 

4.1 AutoNavigator AB 

The regional venture capital company Rödkallen AB acting in the county of 
Norrbotten, Sweden was in 1989 actively looking for investment cases as noted in 
the sub-annex 1 (p. 82) to the proposition from 1996 from Swedish National Audit 
Office. Rödkallen AB considered the research project to have business potential, 
which resulted in the founding of the spinoff company AutoNavigator AB 

The business model used by Rödkallen AB to start spinoff companies from research 
projects at Luleå University of Technology was to found the companies together 
with the researchers from the university. Rödkallen AB was the main shareholder 
(>90%) and the researcher minority shareholders with an option to become major 
shareholders at a later stage when the spinoff company had started to take off. 

AutoNavigator AB started its operations in 1990. The first business request came 
from NDC AB, which had been contacted by Tetra Pak regarding laser-navigating 
AGVs. Tetra Pak was considering laser-navigating AGVs at their plants in Dijon, 
France and in Singapore. The result of the request was the installation of 10 laser-
navigating AGVs at the plant in Singapore in 1991. 

Much work was done during the AutoNavigator era to adapt the navigation software 
and the laser anglemeter for production and for use in industrial applications. A 
rough estimate is that the software code ten folded during the period. 

AutoNavigator AB was sold to the NDC group in 1992. The reason for the sale was 
the financial situation of the mother company Rödkallen AB as discussed in the 
sub-annex 1 (p. 82) to the proposition from 1996 from Swedish National Audit 
Office. 

4.2 Collaboration with NDC AB 

A close collaboration was early established between AutoNavigator AB and NDC 
AB who had developed a complete control system for AGV applications after the 
Volvo Kalmar project in the early 70’s. The lacking component in the AGV system, 
NDC7, was the laser navigation functionality. 
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The main focus of the work was to integrate the laser navigation system in the 
NDC7 system. The first solution implied a stand-alone navigation computer for the 
navigation functionality. A few installations in addition to the Singapore system 
were delivered with this configuration. The navigation algorithms were later 
implemented in the NDC7 hardware. 

4.3 The importance of patents 

The method to associate a measured angle to an anonymous retro-reflector, a single 
stripe of retro-reflective tape, was patented by the inventor, Hyyppä (1988, 1989, 
1991, 1993a, 1993b). 

AutoNavigator AB in collaboration with NDC AB was not first to introduce laser 
navigation systems for industrial AGV applications on the commercial market. An 
earlier system used bar coded retro-reflectors where single stripes of retro-reflective 
tape with different spacing defined the code. A limited number of combinations 
were possible. 

The team from Luleå University of Technology was contacted by representatives 
from the team behind the bar coded system at a conference on automated guided 
vehicle systems in 1988. The team behind the bar coded system claimed that the 
laser navigation system infringed a patent of theirs. 

The claim remained unanswered until 1992; at a time when the NDC group had 
started to market the laser navigation system in USA and a US based company had 
started to market the bar coded system. The US based company contacted the NDC 
group and repeated the claim from the conference. A meeting was held to discuss 
the matter, in which a question was raised how to associate measured angles to 
retro-reflectors in big plants with multiple retro-reflectors with the same bar code. 
The reply was to use the knowledge of a pose estimate of the vehicle to distinguish 
the bar coded retro-reflector the measured angle originated from, which was the 
method patented by the inventor. This discussion changed the momentum since it 
became clear that the bar coded system likely infringed the patent of the inventor. 

The successful outcome of the meeting was thanks to the patent by the inventor and 
implied that the NDC group could continue to market the laser navigation system in 
USA. 

An analysis of the technical details that are distinctive is essential in preparing for a 
meeting as discussed above. The importance of the own patent becomes very clear 
during this type of work. 
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4.4 Business aspects 

The Tetra Pak Singapore installation was important as a reference plant, but few 
laser navigation systems were sold and installed the years after. NDC put a lot of 
resources to market and push the technology to potential end customers during the 
years following the Singapore installation. The patent by the inventor played an 
important role in the marketing of the system. The patent could be used to make it 
credible to the end customers that the laser navigation system separated itself from 
other technologies, Netzler (2013). 

It should be noted that the time it takes to establish a new complex technology, such 
as the laser navigation system, on a market with an existing and accepted solution, 
the wire guided system, is resource consuming and takes time. In this context, it is 
important to note that the end customers are more open to new technologies than the 
suppliers of the AGV systems and that the factual arguments does not necessarily 
coincide with the marketing arguments of the new technology. The time to market 
is illustrated by the sales of laser navigation units in table 1. 

Table 1. The table shows sales of laser navigation units by NDC AB, 
DanaherMotion Särö AB and Kollmorgen Särö AB during the period 1991 - 2012. 
The data is published with permission of Kollmorgen Särö AB. 

Period  Sold units 

1991 – spring of 1998 1000 

Summer of 1998 - 2012 9000 

 

The laser navigation technology was new in the 90’s compared to the wire guided 
based navigation technology with its roots in the 50’s. The differentiation aspect – 
new vs. old technology - was especially noticeable in Japan, where the latest 
technology is used to a greater extent compared to e.g. Europe. An important event 
occurred in 1993 when a large Japanese company became partner to NDC AB, 
where the then new laser navigation technology that NDC AB could offer was an 
important contributor to the partnership. 

4.5 Retrospective 

It can be concluded that the increased capacity of the computer / memory capacity 
that emerged after the developments of the laser navigation algorithms in the latter 
part of the 80’s was not used to further refine the algorithms when looking in the 
rear-view mirror. 
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One example of a potential refinement is the use of multiple angles instead of single 
angles in the correction of the pose estimate in the Kalman filter method, which can 
further increase the robustness of the pose estimation. 

The complexity of managing systems products is one reason to why refinements are 
not done. Another reason is that it may be difficult to evaluate new ideas based on 
the commercial value. 

The lesson is to constantly rethink the system based on new conditions and 
circumstances such as increased computing power and memory capacity. 

4.6 Application outside the AGVS market 

The laser navigation system was adapted to automation of the LHD vehicles at the 
LKAB Kiruna iron ore mine in Sweden in 1996. The navigation system was part of 
an LHD automation system used in production from 1999 to 2009, Wylie (1996), 
Nilsson, Wigdén, and Tyni (2001). 

LHD automation systems were not considered to be part of the AGVS market. The 
necessary work to adapt the system to the application was therefore done by the 
company Q Navigator AB, founded to focus on mobile robotics in underground 
mine applications working in close collaboration with the NDC group. 

 

Figure 5. The photograph shows one of eight automated LHD’s at the LKAB iron 
ore mine. The photograph is published with permission of LKAB. 

The LHD vehicle, where LHD stands for Load, Haul and Dump, is a type of wheel 
loader machine adapted for use in underground mines. The LHD is articulated 
frame steered to reduce the sweep area when turning. The main difference 
compared to a wheel loader is that the cabin is placed on the side of the machine to 
reduce the height. 

The LHD in figure 4 is 14 meters long. The width of the bucket is approximately 4 
meters. It weighs 77.5 tonnes un-loaded. The approximately 300-metre long cable 
of the machine is connected to a 1000 [VAC] outlet. The cable is rolled in or out 
depending on the travelling direction of the LHD, on a drum in the rear of the 
machine. It has a nominal loading capacity of 25 ton in a 10 [m3] bucket. The 
rubber tyres are filled with both compressed air and water to reduce the explosion at 
puncture. The laser anglemeter for the navigation system is placed on the pole 
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above the rear wheels and rotates the laser beam 3.20 meter above the ground. The 
height above the ground is selected so that the cabin of the LHD does not block the 
laser beam.  

4.7 The current market 

The current trend drives the technical development towards more flexible solutions 
especially for warehouse applications and at interfaces between automatic systems 
and manual operations. 

The Automatic Guided Cart (AGC), a simple AGV based on magnetic tape 
navigation replacing stationary conveyor solutions, is expanding in the market. 

A more complex system is the Automotive Intelligent Vehicle (AIV) for handling 
of goods such as containers in harbour areas. 

The main suppliers on the world market for AGV systems are Kollmorgen Särö AB, 
IBEO, Götting KG and Guidance Navigation Limited. 

The market of laser navigating systems in the world is estimated by Kollmorgen 
Särö AB to be in the interval of 1200-1600 units/year in which Kollmorgen Särö 
AB’s share is about 50%. 

The total market of AGVs in the world is estimated to be in the interval of 3000-
4000 units/year. 

The estimates imply that the laser navigation system has a market share in the 
interval of 15% - 27%. 

5. Conclusion 

The laser navigation system with its origin in a research project at Luleå University 
of Technology in the late 80’s is today 2013 one of the leading technologies for 
AGV applications. There are some important events and circumstances that stand 
out when analysing the reasons for the success. 

• The contact that was established between the inventor and NDC AB after the 
article in Dagens Industri 1984 turned out to be a key event in the 
commercialisation of the system. 

• AutoNavigator AB did important work regarding the adaption to industrial 
applications of the system and the integration in a complete AGV system, NDC7. 
Therefore, the decision by Rödkallen AB to invest in the development of the 
system by founding AutoNavigator AB together with the researchers was a key 
contribution in the commercialisation of the system. 
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• The timing was optimal, since the system was developed at a time when the end 
customers of AGV systems started to ask for more flexible solutions than wire 
guided systems. 

• AutoNavigator AB and NDC AB had developed complementing technologies and 
managed, although located in different regions of Sweden, to start a close 
collaboration that resulted in the integration of the laser navigation system in a 
complete AGV system, NDC7. 

• NDC AB had the contacts with the end customers and had developed a business 
model in which the laser navigation system fit implying that NDC AB provided an 
efficient channel to the market for the system. 

• The marketing campaign by NDC AB was sustained and turned out to be 
successful. The sales of laser navigation systems were low the years following the 
first installed system in 1991. It took several years of active marketing before the 
sales started to take off. 

• The patent of the inventor turned out to be the key to get access to the American 
market. The patent prohibited a US based company to take legal action, claiming 
that the system infringed a patent of theirs, since the navigation system of the US 
based company likely infringed the patent of the inventor. 

The National Audit Office concluded in 1996 that that the investments made by the 
mother company Rödkallen AB in AutoNavigator AB had an insignificant effect for 
the Norrbotten County and that the Swedish State lost 20 MSEK on the investment 
in Rödkallen AB. 

The conclusion 17 years later is that the investment in AutoNavigator AB had a 
significant effect for the AGV systems industry in Sweden since the development of 
the now market leading technology has been based in Sweden ever since and has 
generated income to the Swedish State. It took several years to establish the laser 
navigation system on the market. The conclusion from the National Audit Office is 
therefore overhasty. The time to market for complex systems such as the laser 
navigation system has to be taken into account when analysing the outcome of the 
investment. 

To analyse if the laser navigation system qualifies as an innovation, the Oslo 
Manual issued by OECD and Eurostat (2005) is used to interpret the definitions 
cited in section 1. 

A common feature of an innovation is that it must have been implemented (§ 150), 
which means that it must have been introduced on the market, in this case the AGV 
systems (AGVS) market. 

Diffusion is the way in which an innovation is spread through the market (§ 37), in 
this case the AGVS market, from the first implementation to different consumers, 
countries, regions, sectors, markets and firms. Without diffusion, the innovation has 
no economic impact. 

An innovation must contain a degree of novelty (§ 205), which can be. 
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• New to the firm (§ 207), a product has been implemented by other firms but is new 
to the firm, in this case AutoNavigator AB. 

• New to the market (§ 209), the firm is the first to introduce the innovation to the 
market. The market is the firm and its competitor and can include a geographical 
region or a product line. The geographical scope is defined by the firm’s own view 
of its market, in this case the AGVS market. 

• New to the world (§ 210), the firm is the first to introduce the innovation for all 
markets and industries, domestic and international. 

A related concept to novelty is radical or disruptive innovation (§ 211), which is a 
concept that focuses on impact rather than novelty. A disruptive innovation has a 
significant impact on the market and the economic activity of firms in that market, 
in this case partner companies to Kollmorgen Särö AB active in the AGVS market. 

The conclusion is that laser navigation system is implemented. It was introduced on 
the market in 1991. The system is also new to the market. The system was not the 
first laser navigation system in the market, but it was the first system using simple 
identical targets (anonymous stripes of retro-reflective tape). The system also fulfils 
the requirement of diffusion since it has been implemented in different consumers, 
countries, regions, sectors, markets and firms after the first implementation in 
Singapore at the Tetra Pak site. The system is also disruptive since it has a 
significant impact in terms of market shares and economic activity in partner firms 
to Kollmorgen Särö AB on the AGVS market. 

The answer to the question in section 1 whether or not the laser navigation system is 
an innovation is: Yes it is an innovation. In addition to the minimum requirements 
(new to the firm and implemented), the innovation is new to the market, is 
disruptive and has an economical impact implying diffusion.  

Technical features that proved important are the virtual guide paths (flexibility for 
the end user), the redundancy and the robustness of the system. The end user can 
create guide paths without destructive work in the factory. An abundance of retro-
reflectors can be installed since they are not space demanding to ensure redundancy 
in case of blocked or lost retro-reflectors. The association of measurements made by 
the laser anglemeter to be either true or false ensures the robustness of the pose 
estimation method. 

The localisation function of the system is self-healing which is an important feature 
for the usability of the system. The pose initialisation is done automatically with no 
requirements of complementing systems or that the vehicle should be positioned in 
certain spot as long as the laser anglemeter is surrounded by a minimum of four 
well spread out retro-reflectors. 
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