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9ȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ 

In modern factories, product processing and packaging have often reached a high degree of au-

tomation, in which energy consumption, agile manufacturing and product customization are well 

addressed. However, the degree of automation in factory logistics, that is the transportation of 

raw materials to storage areas or production lines as well as of final products from the production 

lines to storage areas or directly to shipment points, is only marginal. 

Factory logistics thus constitutes a major bottleneck for mass production, creating a need for sig-

nificant optimization. This fact substantiates the project vision of PAN-Robots: a highly automated 

logistics system supporting future factories to achieve maximum flexibility, cost and energy effi-

ciency while at the same time ensuring accident-free operation. 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŦŀŎǘƻǊȅ ƭƻƎƛǎǘƛŎǎ ŀǳǘƻƳŀǘƛƻƴ ƛǎ ǎǘƛƭƭ ƛƴ ŀƴ ŜŀǊƭȅ ǎǘŀge of de-

velopment and its deployment in the factory requires a trained staff and involves several time-

consuming, costly, inflexible and sometimes even error-prone manual tasks. Therefore, the over-

all project objective of PAN-Robots is to develop, demonstrate and validate a generic automation 

system for factory logistics in modern factories based on the use of advanced automated guided 

vehicles (AGVs). 

The PAN-Robots consortium proposes a new generation of flexible, cost effective, safe and green 

AGVs that will be able to transport material and products in modern factories autonomously, in-

telligently and efficiently. In order to achieve this project objective and to support the project vi-

sion, current technologies need to be significantly enhanced and a number of new approaches 

and technologies need to be developed. 

The process of plant exploration and AGV deployment, currently involving many costly, time-

consuming, error-prone manual tasks, needs to be greatly automated using high-precision sensor 

technology and advanced data processing algorithms. Thus, the requirements for a 3D mapping 

system and its algorithms for pallet position identification, landmark extraction and route map 

design are derived. 

The currently rather rigid AGV fleet and mission management performed in the control center 

needs to be replaced by a flexible assignment of resources, intelligent AGV navigation and in-

creased system safety. This is achieved by managing a multi-layer map of static and dynamic ob-

jects in a so called global live view that is fed with the information acquired by the AGV fleet and 

the infrastructure-based environment perception systems. Additionally, human operators need to 

be able to easily assign custom missions to available AGVs. 

Intelligent global and local AGV navigation is approached by two complementary functionalities: 

flexible global route assignment for each mission avoiding congestion zones or other reported ob-

stacles by the control center on the one hand, local path planning on-board the AGV in case of 

unexpected obstacles in the current path. 

Load handling, the task of loading and unloading of goods, is currently a time-consuming, some-

times unreliable procedure. A comprehensive, general and reliable autonomous load handling 

system suitable for all different load handling tasks is required. This is addressed e.g. by a dedi-
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cated stereo camera for picking position identification for visual servoing of the AGV to the re-

quired operation point in front of the pallet. 

While reflector-based self-localization works reliably in the presence of sufficient artificial land-

marks, the work load for reflector layout planning, mounting and mapping is very high. A new ap-

proach relying on the identification of natural landmarks in the warehouse provides a much more 

effective contour-based self-localization. A seamless transition between these two modes pro-

vides reliable and accurate self-localization of the AGVs in all areas of the warehouse. 

The existing 2D safety concept based on safety Laserscanners provides reliable collision avoid-

ance. However, the system is challenged by highly dynamic objects, objects occluded by structural 

elements, protruding from the side or dangling from the ceiling. By advanced on-board 2D safety 

enhanced by 3D omnidirectional perception in combination with sophisticated risk assessment 

and collision avoidance strategies, these challenges can be mastered to provide accident-free and 

more efficient AGV operation. 

An entirely new concept will be the installation of infrastructure-based environment perception 

systems for blind spot monitoring for cooperative safety. The information about tracked objects 

near the blind spot is communicated to AGVs in the vicinity via the control center for collision 

avoidance and increased efficiency. 

 

This deliverable states the requirements for all technologies to be developed within the scope of 

PAN-Robots. As a starting point, the state of the art of the main aspects of AGV deployment is an-

alysed and discussed. These are AGV fleet and mission management, plant setup and AGV de-

ployment, AGV global navigation and local path planning, load handling, AGV self-localization, on-

board environment perception and safety, and lastly intersection and black spot safety. Details 

can be found in ¤ Chapter 2. 

Subsequently, a comprehensive list of user issues identified in a user survey and how they relate 

to the main aspects of AGV deployment is presented in ¤ Chapter 3. A detailed and illustrated de-

scription of each user issue including an assessment of frequency of occurrence and involved 

costs is given in the ¤ Appendix A of this deliverable. 

From the identified user issues, a limited set of generalized target scenarios are derived to epito-

mize a class of related or similar user issues for each of the main aspects of AGV deployment. 

These will be directly addressed by the technologies developed within the PAN-Robots project. 

The details of the selected target scenarios and how they represent each of the user issues can be 

found in ¤ Chapter 4. 

The PAN-Robots key technologies ς advanced control center for AGV fleet and mission manage-

ment, semi-automated plant exploration, autonomous global navigation and on-board local path-

planning, autonomous load handling system, contour-based self-localization, on-board multi-

sensor environment perception, and lastly infrastructure-based cooperative environment percep-

tion ς and how they address the previously derived target scenarios, are discussed in ¤ Chapter 5. 

The derivation of suitable requirements for each of the PAN-Robots key technologies in order to 

fully address the target scenarios and to solve the underlying user issues constitutes the contents 

of ¤ Chapter 6. 
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In conclusion, the requirements for all systems to be developed in PAN-Robots have been derived 

based on target scenarios derived from the analysis of identified user issues. As such, the re-

quirements stated in this deliverable form the basis for the follow-up deliverable D4.1 Specifica-

tion and Architecture, which will describe the architecture, the functionality and the interfaces of 

all PAN-Robots subsystems. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ 

In modern factories, product processing and packaging have often reached a high degree of au-

tomation, in which energy consumption, agile manufacturing and product customization are well 

addressed. However, the degree of automation in factory logistics, i.e. the transportation of raw 

materials and final products from/to storage and shipment points, is only marginal. 

Factory logistics thus constitutes a major bottleneck for mass production, creating a great need 

for significant optimization. This fact substantiates the project vision of PAN-Robots: a highly au-

tomated logistics system supporting future factories to achieve maximum flexibility, cost and en-

ergy efficiency as well as accident-free operation. 

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŦŀŎǘƻǊȅ ƭƻƎƛǎǘƛŎǎ automation is still in an early stage of de-

velopment and its deployment in the factory requires a lot of effort by skilled staff. Therefore, the 

overall objective of PAN-Robots is to develop, demonstrate and validate a generic automation 

system for factory logistics in modern factories based on advanced automated guided vehicles 

(AGVs). 

The PAN-Robots consortium proposes a new generation of flexible, cost effective, safe and green 

AGVs in combination with advanced infrastructure systems. Those advanced PAN-Robots AGVs 

will be able to transport material and products in modern factories based on autonomous on-

board path planning and navigation to enable high flexibility. The perception system guiding the 

PAN-Robots AGVs through the factory will be based on a novel cooperative approach. Advanced 

on-board sensors will be combined with infrastructure sensors to enhance the cost-effectiveness 

and to increase safety. The fleet management will be intuitive and easy to use by workers without 

specialized training. In addition, the time and costs for initial installation will be dramatically re-

duced by semi-automated plant exploration supported by a localization approach utilizing already 

existing landmarks and an advanced load handling system which detects and picks the pallets au-

tonomously. 

 

This deliverable first analyses the state of the art of the main aspects of AGV deployment that 

need to be investigated for improvement potential. It then documents a comprehensive list of us-

er issues identified in a survey carried out among AGV users. Subsequently, from these user is-

sues, the main target scenarios are derived to be addressed by the PAN-Robots key technologies. 

These key technologies are described and the requirements for each of them are defined. The re-

quirements engineering follows the procedure outlined in Figure 1 on the next page. 
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Figure 1: Procedure for the derivation of requirements 

The PAN-Robots vision, the objectives and impacts provide the basis for the derivation of re-

quirements. 

1.1 Deliverable structure 

The remainder of ¤ Chapter 1 gives a general introduction to factory logistics and AGV deploy-

ment. 

¤ Chapter 2 discusses the state of the art of the main aspects of AGV deployment. 

¤ Chapter 3 documents a comprehensive list of user issues identified through user surveys (sum-

marized in the confidential ¤ Appendix A) and how these are mapped to the aspects of AGV de-

ployment discussed in ¤ Chapter 2. 

¤ Chapter 4 derives from the categorized user issues a set of main target scenarios to be ad-

dressed within the PAN-Robots project. 

¤ Chapter 5 states the PAN-Robots key technologies addressing the main target scenarios and 

with it the identified user issues. 

¤ Chapter 6 subsequently derives the requirements for the key technologies in due consideration 

of the PAN-Robots general and technical objectives as well as the envisioned impacts. 

In conclusion, ¤ Chapter 7 summarizes the results of the requirements engineering process. 
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1.2 Factory logistics and automated guided vehicles 

1.2.1 Factory logistics 

Modern factories for the production and packaging of mass products are organized in three main 

entities: 

1. Processing branch, in which products are made. 

2. Packaging line, which prepares and products wraps with packaging material to assure 

their integrity during the shipment and the final distribution to customers. 

3. Factory logistics system, which handles the raw materials and finished products in relation 

with the warehouse management, and for the loading and shipment. 

Today, product processing and packaging have often reached a high degree of automation, in 

which energy consumption awareness, agile manufacturing and product customization are well 

addressed. For example, packaging lines are designed and deployed to allow a quick change of 

packaging size and pattern in order to respond promptly to production requirements. Notably, 

the optimization of machines management in the packaging line allows a highly efficient use of 

energy during production. 

Logistics is the management of the flow of resources between the point of origin and the point of 

destination. The resources managed in logistics can include physical items, such as food, materi-

als, equipment, liquids, and staff, as well as abstract items, such as time, information, particles, 

and energy. The logistics of physical items usually involves the integration of information flow, 

material handling, production, packaging, inventory, transportation, warehousing, and often secu-

rity. Factory logistics play an important role affecting production efficiency and energy consump-

tion as any bottleneck and inefficiency in factory logistics decreases the productivity level of the 

entire factory. 

Generally speaking, most modern factories have the following processing chain: raw goods are 

transported to the factory, they are unloaded and are either processed directly (just-in-time de-

livery) or stored for later processing. After the raw materials have been transformed into the 

product, they are packaged and are then transported to delivery trucks for immediate rollout or 

to storage for deferred rollout. This processing chain is illustrated in Figure 2. 
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Figure 2: Processing chain in modern factories 

1.2.2 Automated guided vehicles 

Automated guided vehicles (AGVs) deployed in factory logistics increase efficiency, reduce costs 

by automating many processes in a factory or warehouse. The first AGV was invented by Barrett 

Electronics in 1953. The AGV can tow objects behind them in trailers to which they can autono-

mously attach. The trailers can be used to move raw materials or final products. The AGV can also 

store objects on a bed. The objects can be placed on a set of motorized rollers (conveyors) and 

then pushed off by reversing them. However, the most common application is loading palletized 

goods on AGVs with forks, as shown in Figure 3. 

 

Figure 3: Automated guided vehicle (E80) 
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Automated guided vehicles can be used in a wide variety of applications to transport many differ-

ent types of material including pallets, rolls, racks, carts, and containers. AGVs excel in applica-

tions with the following characteristics: 

¶ Repetitive movement of materials over a distance 

¶ Regular delivery of stable loads 

¶ Medium throughput/volume 

¶ When on-time delivery is critical and late deliveries are causing inefficiency 

¶ Operations with at least two shifts 

¶ Processes where material tracking is important 

The main applications of the AGVs in factory logistics will be summarized in the following para-

graphs. 

Raw material handling 

AGVs are commonly used to transport raw materials such as paper, steel, rubber, metal, and plas-

tic. This includes transporting received materials to the inbound storage or directly to the produc-

tion lines, as illustrated in Figure 4. 

 

Figure 4: Handling of raw materials in factory logistics 

Work-in-process movement 

Work-in-process movement is one of the first applications where automated guided vehicles were 

used, and includes the repetitive movement of materials throughout the manufacturing process. 

AGVs can be used to move material from the warehouse to production/processing lines or from 

one process to another. 

Pallet handling 

Pallet handling is an extremely popular application for AGVs as repetitive movement of pallets is 

very common in manufacturing and distribution facilities. AGVs can move pallets from the pallet-

izer to the warehouse/storage and/or to the outbound shipping docks. 

Final product handling 

The last step of logistic process is the movement of final products. They can be moved to the stor-

age areas or shipped directly to the customers. AGVs operate with a precisely controlled naviga-

tion path: acceleration and deceleration minimize the risk of damaging delicate parts (Figure 5). 
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Figure 5: Handling of finished products in factory logistics 

Trailer loading 

AGVs are used to transport and load pallets of finished goods directly into standard, over-the-

road trailers without any special dock equipment. AGVs can pick up pallets from conveyors, racks, 

or staging lanes and deliver them into the trailer in the specified loading pattern. This is the most 

recent application of AGVs and is becoming increasingly popular. 

Roll handling 

AGVs are used to transport rolls in many types of plants including paper mills, converters, print-

ers, newspapers, steel producers, and plastics manufacturers. AGVs can store and stack rolls on 

the floor, in racks, and can even automatically load printing presses with rolls of paper, as depict-

ed in Figure 6. 

 

Figure 6: AGV moving a paper roll 
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Container handling 

AGVs are used to move shipping containers in maritime container terminals. The main benefits 

are reduced labour costs and a more reliable performance. This use of AGVs was pioneered by 

ECT in The Netherlands at the Delta terminal in the Port of Rotterdam (Figure 7). 

 

Figure 7: AGVs in Rotterdam port (Source: www.portstrategy.com) 

1.2.3 AGV operation types 

Block storage 

A block storage area is composed of a set of unloading positions on the ground, clustered by line 

markings on the ground, as show in Figure 8. 

 

Figure 8: Block storage area 
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The AGV that has to pick up or deposit a pallet in this area has to enter the area between the ap-

propriate line markings and load/unload the pallet from/onto the ground. 

In this kind of storage area, the pallets have to be stacked on top of each other, thus it could hap-

pen that the AGV has to lift up the forks, detect the exact position of topmost pallet and complete 

the loading/unloading process. 

Shelves warehouse 

The warehouse could be composed of a set of shelves, where pallets can be stored, as depicted in 

Figure 9. In this kind of mission, the AGV has to reach the desired shelf level identifying shelf 

height with centimetre accuracy. 

 

Figure 9: Shelves warehouse 

Drive-in rack 

In a special type of rack, the AGV has to lift up the forks to the correct height level before entering 

the rack. Then, the AGV drives inside the rack until loading/unloading position is reached. Finally, 

the AGV has to identify the correct pallet place position, load/unload the pallet and return to the 

exit of the rack. 
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Figure 10: Drive-in rack 

Gravity rack 

Another kind of rack is a so-called gravity rack that consists of inclined shelves with wheels for pal-

let transportation. Due to gravity, pallets inserted from the rear end flow through the rack to the 

front, where they can be picked up following a first in first out principle. 

 

Figure 11: Gravity rack 
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Paper roll warehouse 

For moving and stock paper rolls, a paper rolls floor warehouse is usually used. The AGV missions 

related to this kind of warehouse are similar to that associated to the block storage. 

Battery recharging 

An AGV consumes a lot of energy during its movements, and when its battery is almost empty, 

the AGV has to head to the battery charge area, place the on-board battery on a battery charger 

station and pick up a charged battery. 

 



FP7-2012-NMP-ICT-FoF Dissemination level: Public PAN-Robots ς Deliverable D3.1 

D3.1 User Needs and Requirements v3.0.docx 11 

2 {ǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘκǎǘŀǘŜ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ 

This chapter describes the state of the art of the main aspects of AGV deployment: 

¶ AGV fleet and mission management ς smart assignment of missions to available AGVs. 

¶ Plant setup and AGV deployment ς all preparatory tasks enabling AGV usage. 

¶ Global navigation and local path planning ς efficient routing of AGVs in the operating en-

vironment. 

¶ Load handling ς robust loading and unloading tasks in different locations. 

¶ AGV self-localization ς reliable ŘŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ǘƘŜ !D±Ωǎ ǇǊŜŎƛǎŜ Ǉƻǎƛǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ƻp-

erating environment. 

¶ On-board environment perception and safety ς on-board technologies for accident and 

obstacle avoidance. 

¶ Intersection and black spot safety ς strategies to ensure safety at critical locations in the 

operating environment. 

2.1 AGV fleet and mission management 

AGV fleet and mission management concerns the smart allocation of available resources (AGV 

fleet) to tasks (list of missions from the warehouse management system) and is performed by a 

central control unit, the control center. 

A top-level view on the main functions currently implemented in the control center is shown in 

Figure 12. 

 

Figure 12: Function Blocks of the current control center 

The control center manages all AGV fleet missions, such as picking and placing pallets from known 

positions, battery exchange, and so on, handling different types of operation points. It also man-

ages the complete map of the warehouse with all segments that make up roads the AGVs have to 

follow. The control center decides which AGV has to do each mission assigning the set of seg-

ments calculated by a pre-set collection of manual rules written in the layout. 

The detailed three-layer architecture of the control center is illustrated in Figure 13. 
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Figure 13: Three-layer architecture of the control center 

At the top, the plant level control is the interface between the warehouse management system 

(WMS) and the management of the AGVs. The WMS defines which pallet has to be delivered to 

which location. The mission manager receives a set of tasks and generates a set of missions for 

the AGVs. A mission is a set of operation points an AGV has to reach for picking or placing certain 

goods. 

The fleet level control is run on a central unit and is responsible for controlling the group of AGVs. 

It is run periodically and consists of two main parts: the traffic manager, and the communication 

with the vehicles. 

Finally, the AGV itself contains the low level control of each vehicle for tracking the segments allo-

cated by the traffic manager and for handling safety issues. 

The main functions of the current control center will be described hereafter. 

2.1.1 Mission management 

The mission manager receives the mission queue and it checks the status of the fleet in order to 

decide which and how many tasks to execute and it sends this information to the traffic manager. 

The traffic manager assigns the missions to the AGVs. The mission dispatching considers only the 

P
L
A

N
T

 L
E

V
E

L
F

L
E

E
T

 L
E

V
E

L

m
is

si
o
n

 
q

u
e
u

e

wirelessI2V/V2I communication

A
G

V
 p

o
si

tio
n

s

m
is

si
o
n

 

a
llo

ca
te

d
  s

e
g

m
e
n

ts

A
G

V
 L
E

V
E

L

Route map
database

Pick/drop positions,
Route segments,
Home stations

Traffic Manager

Mission dispatching
Staticnavigationby segmentallocation

Coordination
IdleAGV management

HMI

m
is

s.
 r

e
q

.

ERP/WMSHuman operator

Mission manager
Mission sorting

m
is

s.
 r

e
q.
































































































































































