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Extended Abstract. 

Preamble. 

The landmines are weapons developed to be disseminated on the ground, or close beneath the soil, and to explode because of the contact or the proximity of a person or vehicle. Basically, one distinguishes: AP anti-personnel and AT anti-tank landmines, depending on their disruptive potential (and cost). In principle, both were developed for military purpose to create forbidden zones, where the enemy could not enter. Actually, the low-cost of the AP landmines transforms them into munitions, to be spread in the country, making highly risking any further use for civil (agrarian, etc,) exploitation. On these facts, the Ottawa Convention prohibits in all circumstances their use, manufacture, trade and stockpile and requests their destruction, because the armed forces objectives cannot justify the falls-off in humanitarian disruption. 

This Convention is promoted by the ONU and ratified by several Nations; is left aside by other ones and, of course, ignored by the population where guerrilla-like warfare is going on. The landmine risk, thereafter, is typical problem of the under-developed countries. 

Once facing regions with suspected mine presence, the problem definition requires distinguishing: 

• the military mine-sweeping: to allow reliable logistics, specific tracks shall be made safe, by locally aimed technologies and real-time efficient work-organisation; 

• humanitarian demining: to achieve the safe re-appropriation of the ground (for farming, etc.), the all land needs to be overseen and recovered, at acceptable costs. 

The present investigation, specifically, addresses the humanitarian demining, which does not possess a viable answer, even if long concerns and lots of efforts have already been undertaken to solve it. 

The idea is to tackle the demands by a bottom up approach, trying to operate with smooth continuity by respect the local technological know-how, so that the required overseeing and recovery processes could develop with appropriateness. This will help expanding the people consciousness to become the master of their own on-going up-grading, by qualifying commonly accepted devices and techniques and turning them towards humanitarian demining duties. 

It should be said that, today, the humanitarian demining mostly looks after manual mine clearing, and only the armed forces effectiveness avoids front-end operators, replaced by special-purpose, high-cost mechanised equipment. The «robotic solution» becomes equivalent to look after imported devices, out of the shared habits of low-industrialised populations. The gap, even out of the financial implications due to the increasing cost of the sophisticated robotic devices, comes from the habits in the work-flow organisation, and the effectiveness will drastically lower, making disappear any return on investments. Accordingly, the landmine problem cannot be, abstractly, solved as technology-driven issue, and deep understanding of the background framework is required. 

The investigation explicitly addresses the Sri Lanka situation, providing eagle view survey of the in-progress guerrilla framework and special details on the on-the-field conditioning peculiarities. The analysis is needed in view to reach factual feasibility through the solution appropriateness. Basically, we shall recognise that: 

• the resort to landmine munitions characterises the terrorist-driven warfare theatres, where the local socio-political implications have historical motivations; the solutions, on merely technical soundness, will not work, unless also the implications are removed or neutralised; 

• the humanitarian demining characterises as necessary activity to assure the fit-for-use land operation, where the legal frames bear negligible relevance; the duty has to build up as routine highly-effective duty, having the community involvement at the mutual decentralised level. 

The two aspects suggest series of assumptions, profitably explored by the present study. First, no abstract developments are considered; on the contrary, properly aimed measures are dealt with, deeply rooted on the local historical frames. Second, the factual evidence of useful behaviours is deferred to results, and these are consequence of achieved benefits. Third, the routine business involvement shall comply with current habits, utterly neutralising exogenous or illegal biasing damages. Fourth, the techniques and workflow schedules should not superimpose, rather organise on shared know-how. 

Solution rationale. 

The search of solutions for the landmine problem in the Sri Lanka situation permits to identify a series of aspects to be taken as characterising lines. 

Both GoSL and LTTE believe to obtain benefits from the landmine giving out, and are confident that, under the current situation, the damages produced to the antagonistic part result into IDPs, with severe effects on the social and economic growth of the spoilt populations, therefore, with huge leads of party due to terrorism component. Moreover, the endemic warfare operations cannot be contrasted by legal frames, as little is left deontological schemes, because the ethical motivation of both parties belongs to the sphere of entrenched patriotism, coloured by ethnic and religious spurs. 

The humanitarian demining, funded and ran by the International Organisations, might attain the temporary clearance of given zones, but with no guarantee on future deployments, notably, as the back spreading of landmines purposely takes great advantage from iterating the terrorist operations, carried over with fanatic determination, especially enhanced to show the capabilities of the party. 

Indeed, up today, the frameworks leave very little hope to reach steady recovery and rehabilitation. On the long term issues, one would expect that solutions could come into view, once removed the reasons of the fight, with the whole capitulation of one party, or with the permanent settling of the clashes into balanced agreements. The history teaches that removal of local conflicts all along the elapsed time and around the inhabited world is hard to predict, and the issues do not necessarily bring to sound and fair equilibriums. Besides, these long term issues are totally out of the present investigation scopes. 

Nevertheless, we cannot accept that humanitarian demining should be considered hopeless reach, out of the temporary remediation, looking forward to the conflict reasons settlement. The idea behind the prospected approach is to change the landmine spreading into a basically useless intervention, so that, out of the existing socio-political implications, no real advantage is win by terrorist actions. On the contrary, the economical falls-off would be neutral, without serious outcomes into IDPs, to lower the expected indirect benefits, while leaving open the responsibility hatefulness. 

On the outlined objectives, the engineering approach to the mine clearing business reduces to devising the instrumental process and work organisation to be enabled as routine counter-measure, each time it happens crucial. The operators are enrolled on place. The technologies exploit the local know-how, with resort to the standard agricultural equipment. The effectiveness assures properly high achievements. The process safety and reliability are fit for the required duties. Should these figures be reached, the IDPs effects disappear, and the landmine terrorist spreading ceases to be winning operation, during the tactical occupation of the enemy lands, as the routine counter-measure minimises threats and maximally avoids injuring upshots. 

The idea is to bring industrial effectiveness on-process, assuring high productivity in the sweeping processes by the intelligent workflow programming and high reliability of the front-end operation by special-purpose low-cost robotic equipment. The objective is consistent with the original meaning of “industry”, «diligence, assiduous activity at any work», spurring the potentially damaged farmers to tireless involvement, and with its fundamental denotation, namely, «structured organisation, or systematic work or labour». This leads to acknowledge, in the “trend to industrial innovation”, the role of the ideas behind technologies, say, chiefly, the ability to prearranged assiduous labour (or, scientific work organisation) that assures economic growth, because of the diligence of the front-end operators (not on the mastery of individual craftsman or scientist). 
Today, we recognise several “industry” levels, replacing the men, with robots, managed by intelligent work organisation of self-governing facilities, each time the business awards yield from the (large) fixed assets. Nonetheless, the might of the industrial revolution lies in the aptitude of ruling the work-force totality, by pre-assigned job allocation, once the surroundings outfits are properly chosen, and the pertinent know-how is duly widespread and accepted. Only in such situation, the technologies reach actual appropriateness, and lead to effective return to the involved populations. The analysis is not pushed any further, retaining, principally, the following points: 
- the engaged technologies need to provide special purpose outfits, having duty-driven consistency, and to use operators adapted uniformity; 

- the work-flow pre-setting ought to detail the work-cycles and standard achievements, and to specify the on-going failure protection rules; 

- the operators’ instruction and training aim at off-process optimised work-flows, especially, to avoid the emergency of risky engagements; 

- the effectiveness comes from organised routine jobs, fulfilled by the work-force diligent activity, in entire conformity to the allotted tasks; 

- the local Civil Service is entitled of the authority to promote the mine clearing operations, and the involved community is solidly concerned. 

On the whole, the description assumes the commitment of the neighbouring political societies, to face the terrorist damages, automatically reacting as soon as the raids are undertaken, and immediately putting in action the recovery processes, with resort to the forecast outfits and the prearranged schedules. The legal frame does not require any up-dating, unless the usual elements of the solidarity. The technical support needs to develop according to the assumptions of the (original) industrial organisation, with primary focus on the effectiveness of the job-allocation procedures, taken in parallel with the diligence of the engaged work-force. 

The prospected approach is consistent with the short-term issues. The counter-measures worthiness is given by the mine clearing effectiveness, and the present investigation tries to devise how the goal can be achieved according to factual developments. Should the short-term issues be reached, also the long-term ones will be reconsidered under different light, leading, perhaps, to worthy settlements, with nice economical falls-off, up to the rehabilitation and development of the all Sri Lanka. 

State-of-the-art. 

The review of the current mine clearing technologies, procedures and equipment follows, to provide hints on the relative advantages and drawbacks, and to explain how the prospected alternative will operate. 
The analysis brings to conclusions, such as the following. 

The unmanned mine clearance permits more safe duty progression, as the work-flow does not include any front-end operators. Basically, the today state of the art distinguishes two techniques: 

• heavy armoured vehicles capable to withstand the mine blast, thereafter eliminating the danger, because not requiring the mine handling; 

• sophisticated robotic demining, with resort to a three step cycle: detection and localisation; reliable picking, handling and removal; neutralisation and reclamation. 

Both have the big hindrance in the cost of the special-purpose outfits. Only very few equipment can be made available, further mostly requiring qualified operators and expensive servicing, and usually facing complex up-keeping and maintenance procedures. All in all, the technology does not reach appropriateness, and the use for the humanitarian demining remains confined at negligible situations. 

The effectiveness is heavy drawback, making, possibly, acceptable the clearing of tiny, highly-uneven zones, where, in any case, the robot mobility presents high limits, on the contrary, intolerable lengthy the clearance of extended lands, useful for farming goals, and typically subject to the terrorist actions. 

The resort to the harrow/brush rake technique remains effective reference. If accomplished by trained and careful operators could assure comparatively safe and reliable results, having costs covered within acceptable ranges, directly allowed to local people, which could receive proper wages, independent from the actual land productivity. 

At this point, we might conclude that: 

- the robotic mine sweeping should be privileged, highly enhancing the productivity by means of front-end automation, drastically lowering the costs and properly avoiding the undue sophistication; 

- the manned contribution should be included, properly exploiting the on-process decision-making to widen the process adaptivity and flexibility, without increasing cost and sophistication. 

The mixed-mode processing capabilities, incorporating front-end mechanised effectors and back-drop man intelligence, ought to be carefully assessed, in view of the aptness of the tangible technologies transfer and of the socio-economic impact as for the Civil Service appropriation. 

On such motivation, the survey on the state of the art needs to further include the outline of the emerging technologies (notably, the detection devices, fast expanding field with continuously wider capabilities and decreasing costs) and to cover the principal details on the constraints that the Sri Lanka situation implies, should the effectiveness in the humanitarian demining turn out to become successful deterrent against the terrorist future actions. The gathered data will, at this point, provide good backing to chose the low-cost robotic solution, with sufficient confidence on its worthiness, if the on-line process adaptation is made to incorporate the full efficiency of timely managing the strategic, tactical and execution flexibility, as the case arises. 

The robotic outfits. 

The project develops based on the current agricultural technologies and machineries present on the site, and devises proper outfits to be added to the standard machines (tractors, power-tillers, etc.), to make them fit as safe and reliable front-end effectors. 
According to the project outlined constraints, the development of the consistent task-oriented outfits is major objective of the investigation. The qualifying requirements come out to be: 

- cost containment of the basic equipment and of up-keeping/maintenance charges; 

- shared acquaintance of the involved technologies and full confidence on their use. 

The forcedly choice falls on the domain of the agricultural machines, already widely exploited in the farming businesses and commonly explored for task-orientation and maintenance/recover abilities, with the resort to purposely invented up-keeping or up-grading devices. The local market makes extended reference to simple and chip equipment, privileging leanness, by respect to multiple-task machines, so that there is quite large possibility to find out basic devices, readily to transform into mine-clearing outfits, solely adding the special purpose kits. 

The choice goes, perhaps, without saying, once acknowledged the constraining inferences that cannot be set aside. Nevertheless, the actual development requires series of actions, such as the following: 

- to characterise the picked up farming machine, in view of assigning the looked-for work-cycles and of specifying the duty-driven fixtures to achieve demining capabilities; 

- to design and implement the specified fixtures, preserving the machine technological consistency, so that the resulting outfits are ran, up-kept and maintained by shared know-how; 

- to define and programme the reference work-cycles (with targets, thresholds and timings), in order to assess the process productivity, on the strategic, tactical and execution horizons; 

- to appraise and check the performance figures (safety, effectiveness, reliability, etc.) for the main averaged agendas, with due account of unexpected anomalies (incongruities, failures, etc.). 

The all is standard engineering activity, and happens to be fulfilled providing the detailed features, through sample explanatory developments, with basic behavioural assessments, covering: 

• duty-steered functioning on the strategic horizons, to prove the technology suitableness (becoming terrorist counter-measure) and appropriateness (getting shared habits acceptation); 

• occurrence-driven performance on the tactical horizons, to help selecting optimal off-process plans, in view to achieve the highest productivity, during steady running conditions; 

• anomaly-coerced evolution on the execution horizons, to show the adaptivity and flexibility figures, with the on-process decision patterns assigned to the operators. 

Indeed, the old industrial-like productivity remains at the level of the off-process setting (the scientific job-allotment paradigms), and this would result totally defective out of the manufacturing set-ups with flow-shop organisation. The recent (robotic) flexible automation productivity comes out from the real-time on-process management of standard tactical plans and unpredicted anomalies (the intelligent task-driven paradigms), and this can suitably be ruled by totally autonomous governing blocks (leading to the un-manned factories) or to mixed-mode steering schemes (with on-line operators and/or remote control, to steer the front-end effectors). The all leads to the job-shop organisation, and can readily be extended to the loosely structured environments, basically, referred to as “robotic” implementations. 

All the general principles are assessed practice of the modern engineering, but have to comply, here, with the above quoted two qualifying requirements. This asks for the investigation, well motivated by the challenging objectives of the humanitarian demining. 

The special purpose mine clearing outfits and procedures are intended to be explanatory opportunities, and basically equivalent equipment/scheduling can be devised on slightly different design parameters and/or engagement rules; this means that sets of comparable implementations are readily obtained by the resort to the sketched design-and-development approach, as the investigation merely addresses the main demands of feasibility and appropriateness, but does not implies the singleness of the outcome (as it is always the case, in every engineering project). Moreover the complexity of the domains, as clearly it appears from the outlined state of the art, shows that the humanitarian demining is open to lots of possible approaches; lean feasibility and technology appropriateness are relevant constraints, offering valuable novelty under the methodological points of view, when the clearing process follows, exploiting the intelligent work-organisation paradigms. 

Operation prerequisites. 

With mine-clearing productivity and technological appropriateness in mind, according to the given analysis, the winning solution shall look at low-cost robotic outfits, to be obtained by incorporating: 

• the intelligent task-driven paradigms of flexible automation, with mixed-mode steering schemes that make use of on-process operators to adapt the on-going work schedules; 

• the available agricultural machines to devise implementing mobile robotic helps, capable to accomplish the (innovative) task-adapted specially developed demining fixtures; 

• the (purposely conceived) remote-control apparatus, for the direction-steering and navigation of the mobile robotic outfits, governed by the on-process operators; 

• the adaptive process-planning agendas, in order to rule/manage the strategic/tactical/execution flexibility opportunities to achieve enhanced operation performance. 

The design and development of the duty-driven mine clearing outfits, accordingly, include the exhaustive assessment of the operation requirements at each step, followed by the final integration of the overall system, typically, accomplished by bottom-up procedures, with the help of the computer-simulation of the modelled mobile robots behaviour. 

At the preliminary conceptualisation stages, the technological appropriateness puts forward the resort to the agricultural machines, which makes out widespread acknowledgement in the Sri Lanka society. The list of the actually in-use (self-powered mobility) machinery, basically, leads to include series of alternatives. 

The different classes of machines need to be carefully examined on their technical properties, to find out the respective aptitude to carry suited demining fixtures, to be modified for remote-control and to achieve high productivity by flexibility management. As general rule, the machinery suitableness can always be proved, emending the strategic horizon achievements and re-engineering the process-plans tactics. Certainly, given specific machine might result especially beneficial under given operation scopes, say, in terms of low-cost, power or thrust delivery, speed or manoeuvrability performance, diffusion or availability figures; these facts, too, are useful to orient the selection. 

Anyway, at the operation requirement level, the whole domain of the agricultural machines, which are locally on hand, guarantee low-cost robotic mine-clearing opportunities, and shall be retained between the helpful candidate solutions (with the mentioned cautions of the strategic policy resetting and the tactical re-programming). In the presentation, the vehicle selection and the mechanical components prospecting are accomplished, taking in view properly oriented facts, to easily converge in the architectural definition. The choices might be relaxed and the outcomes revised, whenever the machinery availability changes, so that the procedures in the following keep worthiness as methodological reference and explanatory example. 

On these pieces of evidence, the operation abilities embedded into each specific agricultural machine provide the overall assessment of the actual fundamental strategies. Therefore, the previous selection of the operation strategies leads to privilege given classes of machinery (by respect to others), with the definition of the task requirement schedules as beforehand constraints. In the below vehicle selection, this approach is followed, to help obtaining clear straightforward issues. Subsequently, when apposite integration concepts are considered, better hints are sketched, in view to expand the machinery types, actually, exploitable. 

It should be said that, in the contemporary industrial engineering practice, the strategic setting of the facility, typically, comes together with the business requirement policies: should these latter be mistaken, also the productive enterprise will be deemed to fail (unless, today, through intelligent task-driven paradigms, the tactical flexibility re-engineering allows acceptable recovery). Here, the prior restrictions on the operation requirements do not compromise the business issues: indeed, the operation properties of the currently in-use agricultural machines do not have crucial relevance, since, to our purpose, the self-mobility and the delivered power are the fundamental references, while the duty-bend is eventually obtained by the added specialised fixture. 

Resources specification. 

The focus on widely available agricultural machinery motivates the factual resort to low-cost mine-clearing instruments, and, according to the sketched prerequisites, the investigation on how to get in possession of valuable, high-efficiency processing solutions. The analysis usefully starts by fixing the flow-chart of the required operation strategies, to outline the field of interventions that the robotic equipment is deemed to face. Several alternatives are possible. After the throughout examination, two techniques are retained as the basic references: 

- ground stripe lifting, and mines singling out by gentle sieve descent of the shifted earth; 

- land sweeping by forward displaced flail and tiller apparatuses, inducing mines bursts. 
In these cases, the specialising outfits are considerably simple, but other techniques are any time added, once the pertinent outfits are devised and made available. 
The focus on basically two techniques permits to details the pertinent operation strategies, dressing the flow-charts and the resource-requirement provisioning. 

Once the intervention field is properly fixed, the task requirement schedules are detailed. The itemized list of the work-flow needs to incorporate all the diverse branching and recognition agendas incidents, e.g., with the ground stripe lifting, the appearance of a mine-looking body, the stop/continue dilemma, the explosive/inert-stuff detection (and safe removal), the blast and damages evaluation checks, and so on. The task complexity defines the instrumental setting at the detection levels (camera, for the visual recognition, etc.) and at the govern steps (remote control of the forward motion, of the ground stripe depth, of the sieving action, etc.). 

For example purposes, the attention is focused only on the said two options. 

Then, the analysis of the chosen duty-cycle requirements allows to specify the key functions that the robotic equipment has to accomplish. For instance, if the ground stripe lifting strategy is followed, the useful fixture might be identical or similar to the potato lifting and retrieval mechanisms (to be modified for the sorting and storing section). Furthermore, the presetting of the remote control equipment, the location of the detection devices (cameras, etc.) and the management of the shelter and reliability cautions (up to the safe picking and neutralisation of the detected landmines) ought to be watchfully dealt with, in view to lay down effective operation conditions. The final outcome is shown by the block-schema of the expected functional properties, with account of the parallel information flow. To help understanding the procedure, the block-schema gives some sample choice flows. 

From the functional block-schema, as soon as the definite work-cycle are fittingly assessed, the component characterisation permits to recognise whether off-the-shelf items (directly or slightly modified) or innovative devices have to be used. The investigation operates, as much as possible, with the resort to locally available pieces, after the throughout understanding of how these might be modified and recovered. Without further details on the selection procedure, the discussion will move ahead assuming: 
- two standard carriers, say: given type of tractor and given type of power-tiller; 

- two standard mine clearing techniques, as previously mentioned. 
The strategic setting, accordingly, leads to the example machine selection, fully retaining the low-cost and appropriateness requisites. The presentation, moreover, shows the basic properties of process resources, with the related operation strategies, based on the best allocation and management of the process resources. 
The implementation of effective mechanical architectures, leading to worthy mine clearing outfits, has to pass through the integration of two functions: 

• the mobility providers, for explanatory purposes here identified with a light tractor or a power tiller; 

• the front end effectors, assuring safe and reliable mine clearing on properly wide soil extensions.  

As said, the duty-class technicalities are, in the following, focused on two techniques: 

- ground stripe lifting, and mines singling out by gentle sieve descent of the shifted earth; 

- land sweeping by forward displaced flail and tiller apparatuses, inducing mines bursts; 

the first quite effective on the recently laboured pastures, the second more adapted on the considerably tough meadows. 

The relevant constructive details are shown, through their constructive properties. The main characteristics of the innovative parts permit the inter-changeability of the effectors, so that the same carrying vehicle can be differently fitted, depending on the soil conditions. The requirement makes important the integration phase, that should become standard practice for the off-process mine clearing strategic setting. 
Functional management. 

For practical purpose, the overall planning and integration of the on-the-field mine clearing constructs needs to require fast assembly/disassembly and easy maintenance/restoring capabilities. The whole means that the modularity of the parts and standardisation of the joints are fundamental property. This means to explore off-process versatility, by properly changing the front-end fixtures. 
Anyway, if the hypothesised surrounding is correct, the availability of suitable carriers and end-effectors is only necessary step, not sufficient to assure good productivity. 
The survey on the state of the art provides the background information on where the humanitarian demining can achieve the sought productivity that, according to the assumptions, will make ineffective the terrorist operations, and, therefore, no more attractive in the short time span. According to the survey, today, no one clearing process has achieved the necessary levels of effectiveness, in terms of cost-to-outcome performance. The worked out techniques have, each one, proper merits, and could be retained under specific situations: 

• the mechanical clearing (with armoured vehicles, highly sophistication robots, etc.) is helpful means in military mine sweeping, and of worthy use to establish safe pathways through the land, whenever the (expensive) apparatuses are available for preparatory operations; 

• the manned clearing (with harrow/brush rake technique, joint or not with useful detecting devices) is almost the only left procedure, when dealing with highly irregular grounds and very slim soil strips, where just bipedal locomotion permits viable achievements. 

From then on, the problem here is to the clearing of wide agricultural spaces, to be readily recovered to the farming use, right away removing the terrorist attacks. The efficiency, joint with safety and reliability, is the fundamental requisite: the engineering solution immediately addresses the front-end mechanisation (to assure safety and to avoid tiredness of manned solutions), managed and steered by the remote control (to lower the costs of fully autonomous robotics, avoiding sensing devices and governing logics, but still assuring the high adaptivity and flexibility due the direct human overseeing). 

The careful understanding of the currently enabled functional settings show that the main constraints, for the development successfulness, distinguish a series of accomplishments: 

• the set-up of the effective management infrastructure, with the bottom-up (cultural) initiative of the local society, to establish the promoting, steering and checking Civil Service; 

• the setting of the standard work-flow charts, to reach industrial organisation productivity in the mine clearing process, with pre-assigned work-in-progress targets and due times; 

• the design and development of consistent task-oriented outfits, directly derived by commonly shared technologies and apparatuses, to warrantee high on-process helpfulness; 

• the truthful assessment and establishment of the process-agendas, with resort to the strategic, tactical and execution flexibility, for the bottom-up mine-clearing programming. 

The discussion that follows, being aimed at engineering issues, mainly looks at the third accomplishment, with proper concern of the second (analysing the work-flow charts, with focus on on-duty alarm/recovery patterns), and the fourth one (using simulation results, with explanatory purpose in the build-up of the whole process knowledge). 

Duty-cycles planning. 

Once detailed the demining resources and the management policies, the operation planning is obtained with resort to the usual “intelligent organisation” paradigms, distinguishing the three flexibility horizons: 
# the strategic horizon deals with the off-process versatility, and, for example purpose, the investigation aims at maximising the process effectiveness in keeping with the series of the mobility providers and front-end effectors, actually, implemented; the programmes take into consideration the remote control accomplished by the on-the-field operator, which has the direct visibility of the tele-governed robot, with the connected instrumental data (course, speed, thrust, etc.); 
# the tactical horizon deals with the on-process adaptivity, and, for example purpose, the mine clearing tasks, done by the power-tiller endowed by the ground stripe lifting, are detailed with the virtual instrumentation help, defining the competing agendas; the pertinent decision aids are developed, with the issues brought to the attention of the operator, which might switch between the agendas, and, eventually, re-initialise the all duty-sequence; 
# the execution horizon deals with the unexpected occurrences (equipment failure, mine deflagration, course stop dead, etc.), and, for example purpose, the above outlined software/hardware setting is acknowledged on multiple-level emergency schedules, depending on the relative risk and frequency, every time detailing the restoring/healing requirements; the occurrence-driven recovery stops the on-going tactical agenda, and requires the operator consent for the subsequent steps. 
For the three operation horizons, the basic duty-cycles are detailed, with all pertinent details on the command set and on the check and the alarm measures. 
The emergency flow-chart permits the bottom up assessment of the chosen technologies, with discussion of cost, performance and reliability, in view to acknowledge the productivity decrease by respect to the strategic agendas and, possibly, to revise the resources procurement at the strategic range. 
The analysis is, purposely, accomplished at different ranges. The preliminary attempts are ran in terms of the remote control apparatuses. In the hardware selection, the instrumental architecture of the distributed sensing and actuating devices widely profits by off-the-shelf components, to preserve the low-cost final integration. The strategic up-dating, therefore, is easily obtained changing or adding new modules, warranting enhanced visibility on the process and/or supplying wider versatility and/or dexterity. The subsequent measures, only, address the rethinking of the operation planning, with inclusion of the robotic outfits. 
The outcome needs to verify the factual suitableness in the Sri Lanka case, for real environmental conditions, so that the mine sweeping duties become routine accomplishments, with full appropriateness of the involved technologies, and without un-tolerable costs. The direct intervention of the local people is further promoted by the full transparency of the on-going operation productivity, so that each one moves towards ceaselessly improvements, because he understands that the effectiveness actually depends on his own diligence. To such purpose, the detailed specification of work-flows, duty-cycles, emergency-occurrences, recovery processes, etc. greatly help the shared commitment of the operation planning set-up. 
Effectiveness checks. 

The exploration needs forcedly to incorporate advanced checks of the actually achieved productivity, with different environmental conditions, and competing operation plans. The investigation looks after suitable simulation aids, based on the modelled dynamical behaviour of the material resources and the programmed decisional logics supplied to the human operators. 
The modelling and simulation steps permits comparing different resource lay-outs, outfit changes, planning agendas and random emergencies, so that the collected overall information provides reliable anticipations on the on-the-field behaviour of the timely experimented facilities and fixtures. Actually, the counter-measures worthiness is given by the mine clearing effectiveness, and the present examination is forced to devise how the goal can be achieved according to factual developments, directly derived from the locally shared abilities and instrumental aids. 
The simulated testing bears great relevance, allowing the experimentation on: 
• the facility set-ups, by means of the purposely developed digital mock-ups, so that the behaviour of the rigs is duplicated, up to the suited detail accuracy; 
• the job agendas, by means of the devised control logics, tactical decision aids and recovery routines, so that the different alternatives are compared. 

The transfer of the acquired knowledge into process improvements is greatly enhanced by the modularity of outfits and fixtures, and by the sectional implementation of the govern modes. The latter chance is fostered by resort to virtual instrumentation concept. This opportunity is deemed to be worthy help during the process of effectiveness checks and performance improvement by better hardware/software selection. 
The virtual instrument has functional components akin to the ones of the conventional instrument, but with radically different implementation: many hardware parts are duplicated by computer files. The software running permits supplying the end-user with extreme flexibility and adaptability to the peculiar application; the checks aim at managing agendas and measurements, to adapt the process and the control. The virtual instrument gather all traditional sensor/actuator interfaces into a single virtual front panel, displayed on the computer monitor, customised according to the operator needs. This is especially important, off-process, to help the training of generic operators, and, on-process, to assess the performance of multiple-function operation front-ends. 
During the assessment checks, the virtual instrument is the “brain” of the final instrumental fit-out. Even if it is possible to programme every devices via low-level software, the high-level alternative is preferred, when the complexity of the agendas, with interlaced emergencies, grows. It should be said that the current virtual instrumentation can incorporate every piece of the communication frames, with actual busses and interfaces fit to emulate the govern requirements. 
The large availability of personal computers allows preliminary tests on the govern logic (the real-time job allocation is only performed by process-computers), having full consistency with the developed study. The remote monitoring, steer and govern goals are here chosen, because of: 
• the capability of working in hazardous zones, with the operators in safe location; 
• the ability for the remote setting and the duty autonomy (at least, to face emergencies); 
• the measurements restitution, to provide human perception of the remote operations; 
• the experimentation on the faults autonomic management and recovery potentials; 
• the exploration of the highest level of reliability, in on-the-field operation contexts. 
The hazardous work conditions absolutely forbid the presence of human personnel in the neighbourhoods of the front-end effectors. The other properties are important means of improvement during the virtual checks. 
Preliminary comments provide explanatory hints. The duty autonomy allows starting recovery cycles with no time delay. The operator perception is enhanced by a client-server application in which the remote processor up-dates every second the selected on-process parameters. The visual restitution (from the front cameras) is supported by the graphical interface, where the damage impact is fully understood. The reliability is achieved by the build-up of a state machine, in which the operations are always sequentially executed under the real-time remote processor supervision, and by the logical architecture of the commands, which organize in three different levels: macro (decentralised) operation; single step (sequential) operation; and: low level (remote steered) operation. The three levels hierarchy, moreover, permits to steadily enhance the attention of operator to the dangerousness of operations. 
Notes. 

GoSL, Govern of Sri Lanka 
IDP, Internally Displaced Person 
LTTE, Liberation Tigers of Tamil Eelam (Eelam, nation) 
