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B1. Summary

The main Project goal is to create the individual training complexes and devices that are able to enhance the physical abilities of the people who work in emergency-rescue services(ERS) (including fire-emergency service (FES)) and, therefore, the intellectualised devices, i.e. the passive exoskeletons are proposed here. They include the joints and mechanisms possessing the programmable features. In this case, the exoskeleton-based training complexes will provide the increased muscle skeletal response and muscular activity, and also the higher possibility of the maximum adaptation to the utilization environment and to the individual constitutional features inherent in the nervous system, cardiac system and muscle skeletal apparatus of a user. In addition, such exoskeleton may be applied as the device used: to increase a physical force by muscular energy accumulation; to support a user's weight (taking account of a survival suit and an outfit); and to lift and transport a load.

The external biomechanical exoskeleton must provide:

· The theoretical substantiation of the ultimate loadings imposed onto different modifications of the responsible joints and mechanisms possessed by the exoskeletons used by the ERS and APP personnel.

· The created methodological provision made for the comprehensive (including psychophy siologic) examinations and for the muscle skeletal apparatus functioning diagnosis performed by the exe skeleton, and all this will be done for the same personnel.

· The conducted marketing and the substantiated amounts oft he future release of the devices (according to the national market conditions and to the revealed demand).

· The prototypes elaborated together with the set of the engineering and technological documentation.

· The corresponding right reservation provided for the design in the highly-developed countries of the world.

Modularity of the construction and use of hinge joints with programmable features allows transforming the exoskeleton from simple step movement mechanism to a chair, or to a step-ladder.

B2. Contribution to programme/key actions/generic actions

The main Project goal is to create the intellectualized devices on the basis of the passive exoskeletons, when the latter use the joints and mechanisms with the programmable features; all this is done in order to enhance the physical abilities of the ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS and to provide the psychological protection for the same people.

 At present, the world knows the sufficiently developed emergency-rescue and fire-emergency mechanization means. But, according to the experience gained in localization of the technogeneous catastrophe occurred at Chernobyl APP, these means turned out to have been not so efficient under the conditions of the radioactive aggressive environment. The main heavy burden is felt by the above personnel, and the people have to work under the severe conditions, under the great psychological pressure, and also during the considerably limited time of the uninterrupted work carried out in the existing aggressive environment. Besides this, the available specific individual means used for the professional activity and protection are outsize and very heavy, and these circumstances, in their turn, cause the great physical tensions and require the high professional skills. The existing means used to increase the physical abilities and professionals kills (including the training complexes for the APP personnel do not take the individual anatomic and psychological parameters of people into account in a proper way. And, as a rule, these means only simulate a future professional activity environment, but they do not allow to graduate a loading with due account for an environment and for individual features of a user.

 The essence here is to achieve the high level of the physical and professional fitness of the ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS, and to do this with the help of the individual intellectualized training complex which is applicable for its utilization in a professional activity environment and which is maximally adapted to the anatomic and psychological features of this personnel. Besides this, the physical abilities of this personnel become also higher exactly when these people carry out the unprofessional duties. All this is provided due to the fact that the construction modularity and utilization of the hinged joints with the programmable features gives the possibility to the training complex to be transformed into the device which, in its turn, permits the user's skeleton-muscle apparatus to be unloaded; and the same is observed, in particular, when the individual protection means are used and when a load is lifted or transported.

B3. Scientific and Technical Objectives

The project execution will result in:

· The theoretical substantiation of the ultimate loadings imposed onto different modifications of the responsible joints and mechanisms possessed by the exoskeletons used by the environmental risk and emergency management systems and APP personnel.

· The created methodological provision made for the comprehensive (including psycho-physiologic) examinations and for the muscle skeletal apparatus functioning diagnosis performed by the exoskeleton, and all this will be done for the same personnel.

· The conducted marketing and the substantiated amounts of the future release of the devices (according to the national market conditions and to the revealed demand).

· The prototypes elaborated together with the set of the engineering and technological documentation.

· The corresponding right reservation provided for the design in the highly-developed countries of the world.

The Project execution will lead to the conditions under which the considerable commercial result is obtained. This circumstance will take place due to the possibility to master the sale market for the available "transformer" technology, and also due to the possibility to provide the in-quantity production of the new-class devices used in the environmental protection and nuclear safety spheres. If the various device modifications are released in quantity, then their foreseen costs are between 500-2500 euro. In addition, it will become possible to quickly master the other exoskeleton application directions, for instance, the case when an exoskeleton is used in sport.

B4. Innovation

The joint scientific and R&D activities have resulted in the design of the "transformer' technology that helps to create the different-purpose intellectualized devices having the joints and mechanisms with the programmable features. First of all, they are the hinged joints that include the mechanical constructions with the specified properties (freedom degrees, suppression of an angular translation under a loading, attractive resistance value regulation, transmission relation variation, etc.). They turned out especially useful when the passive exoskeletons were created, including the ones used for the environmental risk and emergency management systems, FES. The described transformer technology permits to realize the modular device-construction principle, and this circumstance makes it possible to make the step-by-step increase and change of the useful device properties, including the case when the known technical decisions are applied.

Fundamental researches in this direction have been carrying out.

The results of researches were published and patented (more than 50-es patents). Also we have worlds wide diplomas (Grand Prix Concourse Lepine Paris 1998 gold medal, Brussels EUREKA '97 bronze medal).

The main scientific methodology is aimed at application of the unique "transformer" technology oriented to creation of the intellectualized various-purpose devices that use the joints and mechanisms with the programmable features. First of all, they are the hinged joints that include the mechanical constructions with the specified properties (freedom degrees, suppression of an angular translation under a loading, to active resistance value regulation, transmission relation variation, etc.). They turned out especially useful when the passive exoskeletons were created, including the ones used for the requirements put forward for environmental risk and emergency management systems. The characteristic features of this device class are the friendly interface and the high intellectualization level, because such devices are controlled directly by a man and, in particular, at the reflex level. If the device joint and mechanism features are programmed, it becomes possible not only to reinforce the skeleton-muscle apparatus of a man, but also to accelerate the processes during which the professional skills and the required physical form are gained. In addition, the transformer technology allows to completely utilized scientific and technical approach concerned with the modular device-construction principle, and, therefore, it becomes possible to apply the known technical decisions and to increase and change the useful device features in a step-by-step way. That is why the devices created on the basis of this technology possess the feature of the transforming polyfunctionality. Actually, the described technology gives the possibility to apply one and the same device as the training complex and as the professional activity facility. The activities conducted within the present Project will propose the methodology and recommendations concerned with construction and application of the exoskeletons needed by environmental risk and emergency management systems. This aspect includes: substantiation of the ultimate loadings imposed onto different modifications of the responsible joints and mechanisms; and provision of the comprehensive examinations and corrections made by the exoskeletons and associated with the musculoskeletal apparatus functions that characterize the corresponding categories of the users proceeding from their future professional orientation and individual features. All these methodologies and recommendations are novel, since they are concerned with the principles of construction and application of the unique device class, i.e., of the passive exoskeletons needed by the environmental risk and emergency management systems.

B5. Project workplan, methodology and approach

a) Introduction

The works will be conducted simultaneously by three Stages:

1.  Stage of Theoretical Substantiation, Professional and Technical Investigations and Methodological Provision.

2.  Stage of Marketing, Information Provision and Patent Support.

3.  Stage of Design, Development and Implementation Activities.

In particular, it is planned that the first Stage will be imposed by the following activities:

1.  To substantiate theoretically the reliability parameters possessed by main joints and mechanisms.

2.  To prepare the design and professional requirements.

3.  To develop the technical/professional test methodology. 

4.  To prepare the methodological recommendations for such users as manufacturers, trainers and ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS and APP personnel.

The second Stage will:

1. Collect and analyze the data for the database concerned with the probable subject-oriented application directions and with the capabilities of the existing technological complexes (as for realization of the proposed fabrication technology). 

2. Create the thesaurus containing the subject-oriented and technical terms, definitions and notions concerned with the future exoskeleton application direction. 

3. Structures the subject-oriented branches of the future application and of the probable technical implementation; prepare the respective classifiers and specifications. 

4. Carry out the activities aimed at the intelligent property support (patents, scientific publications and conferences). 

5. Find the interested partners in order to master the sale market; patent the design in the highly-developed countries and in the ones where the probable urgent implementation is foreseen.

 The third Stage plans: 

1. To substantiate the necessity for the comprehensive application of the profession-oriented means used to train the specialists; to substantiate the necessity to carry out the occupational duties (all this is to be done on the exoskeleton basis). 

2. To develop the principles of construction of the diagnostic, simulating and profession-oriented complex based on the exoskeletons which use the hinges with the programmable features. 

3. To model the prototype of the exoskeleton possessing the intellectualized features and used for the ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS and APP personnel. 

4. To perform the required works in order to get the permission to apply the exoskeleton for the same personnel. 

5. To perform the sanitary-hygienic examination; to design the technical and professional testing program and methodology; to carry out the technical acceptance trials. 

6. To complete the exoskeleton prototypes.

Table B 1
RTD – Project planning and timetable

WORK PACKAGE /BARCHART


Workpage

Description
Partners

ManDays
Duration/critical path




1st year


2nd year



1
2
3


T


0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Work package 1: 

Theoretical Substantiation, Professional and Technical Investigations and Methodological Provision
260
630
440
1330

























Stage 1.1:

To substantiate theoretically the reliability parameters possessed by main joints and mechanisms.
60
90
120
270

























Stage 1.2:

To prepare the design and professional requirements.
60
180
90
330

























Stage 1.3:

To develop the technical/professional test methodology
60
120
90
270

























Stage 1.4:

To prepare the methodological recommendations for such users as manufacturers, trainers and ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS and APP personnel.


80
240
140
460

























Work package 2:  Marketing, Information Provision and Patent Support
390
620
660
1670

























Stage 2.1:

Collect and analyze the data for the database concerned with the probable subject-oriented application directions and with the capabilities of the existing technological complexes (as for realization of the proposed fabrication technology). 
120
240
160
520

























Stage 2.2:

Create the thesaurus containing the subject-oriented and technical terms, definitions and notions concerned with the future exoskeleton application direction. 


60
120
120
300

























Stage 2.3:

Structures the subject-oriented branches of the future application and of the probable technical implementation; prepare the respective classifiers and specifications. 
30
60
120
210

























Stage 2.4:

Carry out the activities aimed at the intelligent property support (patents, scientific publications and conferences). 
60
60
120
240

























Stage 2.5:

Find the interested partners in order to master the sale market; patent the design in the highly-developed countries and in the ones where the probable urgent implementation is foreseen.
120
140
140
400

























Work package 3:

Design, Development and Implementation Activities
650
1110
1440
3170

























Stage 3.1:

To substantiate the necessity for the comprehensive application of the profession-oriented means used to train the specialists; to substantiate the necessity to carry out the occupational duties (all this is to be done on the exoskeleton basis). 


60
120
120
300

























Stage 3.2:

To develop the principles of construction of the diagnostic, simulating and profession-oriented complex based on the exoskeletons which use the hinges with the programmable features. 
60
100
120
280

























Stage 3.3:

To model the prototype of the exoskeleton possessing the intellectualized features and used for the ENVIRONMENTAL RISK AND EMERGENCY MANAGEMENT SYSTEMS and APP personnel. 
350
550
900
1800

























Stage 3.4:

To perform the required works in order to get the permission to apply the exoskeleton for the same personnel. 
60
130
120
310

























Stage 3.5:

To perform the sanitary-hygienic examination; to design the technical and testing program and professional methodology; to carry out the technical acceptance trials. 
60
90
60
210

























Stage 3.6:

To complete the exoskeleton prototypes.
60
120
120
270

























TOTAL MANDAYS
1300
2360
2540
6170


                        In year 1
600
1200
1200
3000


                        In year 2
700
1160
1340
3170


Table B 2
RTD - List of work packages

Work
package
No
Work package title
Work package 
leader
No
Person-months
Cost (euro)
Start
month
End
month
Phase
Deliv-erable
No

1
Theoretical Substantiation, Professional and Technical Investigations and Methodological Provision
3
55
92000
4
23
RS
D1-D5

2
Marketing, Information Provision and Patent Support
2
70
163500
0
23
RS
D6-D11

3
Design, Development and Implementation Activities
4
133
331000
0
23
DM
D12-D15












TOTAL

258
585500





Table B 3
RTD - Deliverables list

Deliverable
No
Deliverable title
Delivery 
date
Dissemination
level

D1
The reliability parameters for the main joints and mechanisms
7
PU

D2


The professional design requirements
15
PU

D3
The technical/professional test programs and methodologies
11
PU

D4
The methodological recommendations for users
23
PU

D5
The database for probable subject-oriented directions
11
PU

D6
The thesaurus of subject-oriented and technical terms, definitions and notions
 3
PU

D7
Proposals for patent on invention
15
CO

 D8
The patent, scientific publications and conferences
23
PU

D9
The contracts established for purposes, cooperation, partnership
23
PU

D10
The methodologies and recommendations for professional application and for training of specialists
11
PU

D11
The principles for construction of the diagnostic, simulation and profession-oriented complex
15
PU

D12
The exoskeleton prototype model
15
RE

D13
The acceptance acts. 

The technical/professional test program and methodology
23
PU

D14
The completed exoskeleton prototypes
23
PU






1)-Patent as result;

d) Measures of Techno-Economic performance

The Project execution will lead to the conditions under which the considerable commercial result is obtained. This circumstance will take place due to the possibility to master the sale market for the available "transformer" technology, and also due to the possibility to provide the in-quantity production of the new-class devices used in the environmental protection and nuclear safety spheres. If the various device modifications are released in quantity, then their foreseen costs are between 500-2500 euro. In addition, it will become possible to quickly master the other exoskeleton application directions, for instance, the case when an exoskeleton is used in sport, weight transportation and working in emergency environment.

Table B 4
RTD – Work package description (for each work package)

Work package No :1
Start month:1
End month: 23
Cost (euro): 200000

Work package title: Stage of Theoretical Substantiation, Professional and Technical Investigations and Methodological Provision


Work package Leader (No) : 1
Other participants with major involvement



Participant No :
1
2
3



Person-months per participant:
11
26
18



Cost (euro) per participant:
33000
26000
18000




Other significant cost items (specify main items and costs)

Procurement of 

Computing

Travel


1000

5000
1000

4000
0

4000



Total costs of procured items (euro) 
92000



Objectives 

On this stage we will substantiate theoretically the reliability parameters possessed by main joints and mechanisms, prepare the design and professional requirements, develop the technical/professional test methodology, prepare the methodological recommendations for such users as manufacturers, trainers and environmental risk and emergency management systems and APP personnel.



Description of work 
On this stage we will develop theoretically programs and reports. The existing means used to increase the physical abilities and professional skills (including the training complexes for the APP personnel)do not take the individual anatomic and psychological parameters of people into account in a proper way. And, as a rule, these means only simulate a future professional activity environment, but they do not allow to graduate a loading with due account for an environment and for individual features of a user.

 The essence here is to achieve the high level of the physical and professional fitness of the environmental risk and emergency management systems and APP personnel, and to do this with the help of the individual intellectualized training complex which is applicable for its utilization in professional activity environment and which is maximally adapted to the anatomic and psychological features of this personnel. Besides this, the physical abilities of this personnel become also higher exactly when these people carry out their professional duties. All this is provided due to the fact that the construction modularity and utilization of the hinged joints with the programmable features gives the possibility to the training complex to be transformed into the device which, in its turn, permits the user's skeleton-muscle apparatus to be unloaded; and the same is observed, in particular, when the individual protection means are used and when a load is lifted or transported.



Deliverables 

This Stage have five main deliverables (D1-D5). They correspondently represents: Report about reliability parameters for the main joints and mechanisms of passive exoskeleton, Report describing professional design requirements, The technical/professional test programs and methodologies, The methodological recommendations for users, and The database for probable subject-oriented directions.



Milestones and expected results 

The conducted marketing and the substantiated amounts of the future release of the devices. We will get patent (or patents) for passive exoskeleton in EC countries.



Table B 4
RTD – Work package description (for each work package)

Work package No :2
Start month:1
End month: 23
Cost (euro): 250000

Work package title: Stage of Marketing, Information Provision and Patent Support


Work package Leader (No) : 2
Other participants with major involvement



Participant No :
1
2
3



Person-months per participant:
16
26
28



Cost (euro) per participant:
48000
26000
28000




Other significant cost items (specify main items and costs)

Procurement of 

Sub-contracting

Equipment

Computing

Travel


5000

10000

1000

5000
4000

10500

2000

4000
5000

10000

1000

4000



Total costs of procured items (euro) 
163500





Objectives 

On this stage we will develop thesaurus of subject-oriented and technical terms, definitions and notions, proposals for patent on invention,  patents, scientific publications and conferences, the methodologies and recommendations for professional application and for training of specialists, the principles for construction of the diagnostic, simulation and profession-oriented complex.



Description of work 
On this stage we will collect and analyze the data for the database concerned with the probable subject-oriented application directions and with the capabilities of the existing technological complexes (as for realization of the proposed fabrication technology), create the thesaurus containing the subject-oriented and technical terms, definitions and notions concerned with the future exoskeleton application direction, structures the subject-oriented branches of the future application and of the probable technical implementation; prepare the respective classifiers and specifications, carry out the activities aimed at the intelligent property support (patents, scientific publications and conferences), find the interested partners in order to master the sale market; patent the design in the highly-developed countries and in the ones where the probable urgent implementation is fore seen.



Deliverables 

This Stage have six main deliverables (D6-D11). They correspondently represents: Report about thesaurus of subject-oriented and technical terms, definitions and notions, proposals for patent on invention, we expect get patent on passive exoskeleton, scientific publications and taking place in conferences,  contracts established for purposes, cooperation, partnership, methodologies and recommendations for professional application and for training of specialists, principles for construction of the diagnostic, simulation and profession-oriented complex.



Milestones and expected results 

The conducted marketing and the substantiated amounts of the future release of the devices. We will get patent (or patents) for passive exoskeleton in EC countries.



Table B 4
RTD – Work package description (for each work package)

Work package No :3
Start month:1
End month: 23
Cost (euro): 350000

Work package title: Stage of Theoretical Substantiation, Professional and Technical Investigations and Methodological Provision


Work package Leader (No) : 3
Other participants with major involvement



Participant No :
1
2
3



Person-months per participant:
27
46
60



Cost (euro) per participant:
81000
46000
60000




Other significant cost items (specify main items and costs)

Procurement of 

Sub-contracting

Equipment

Protection of knowledge


15000

20000

15000
10000

30000

12000
15000

20000

7000





Total costs of procured items (euro) 
331000



Objectives 

On this stage we will make exoskeleton prototype model, then analyze their and enhance, analyse and other checkouts will be provided in real environment, then collect acceptance acts, technical/professional test program and methodology completed exoskeleton prototypes.



Description of work 
On this stage we will collect and analyze the data for the database concerned with the probable subject-oriented application directions and with the capabilities of the existing technological complexes (as for realization of the proposed fabrication technology), create the thesaurus containing the subject-oriented and technical terms, definitions and notions concerned with the future exoskeleton application direction. structures the subject-oriented branches of the future application and of the probable technical implementation; prepare the respective classifiers and specifications, carry out the activities aimed at the intelligent property support (patents, scientific publications and conferences), find the interested partners in order to master the sale market; patent the design in the highly-developed countries and in the ones where the probable urgent implementation is foreseen.



Deliverables 

This Stage have three main deliverables (D12-D14). They correspondently represents: exoskeleton prototype model, report on their analyzes and enhancements, acceptance acts, technical/professional test program and methodology, completed exoskeleton prototypes. 



Milestones and expected results 

The prototypes elaborated together with the set of the engineering and technological documentation.

The corresponding right reservation provided for the design in the highly-developed countries of the world.
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