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Figure 5.17 Tracdrone’s accumulated current consumption during the test. 
 
A similar mission was carried out with Uku on a forest track (Fig. 5.18). As 
lighter vehicle consumes less energy for driving (Fig. 5.19), territory surveillance 
has much higher energy efficiency while conducted with a small UGV. To 
compare both of the tracks, their roughness index should also be calculated using 
the vertical acceleration recordings of the vehicle body. Although Uku has 
suspensioned chassis unlike Tracdrone, body movement correlates well with 
track bumps and slopes. In Tracdrone gravel and rough asphalt track, mean 
roughness was 2.5 mm/m while the forest track for Uku had 4 mm/m. For low 
driving speeds < 20 km/h, speed correction is not needed [25]. 
 

 
Figure 5.18 Uku GPS route during the territory surveillance test in the forest (1 – start, 
2 – stop). 
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Figure 5.19 Uku’s accumulated current consumption during the test. 
 
Uku and Tracdrone consume current in relation to driving differently. As Uku’s 
electric motor is directly connected to the rear axle, current consumption is highly 
correlated to the vehicle speed. Although Tracdrone’s current consumption 
during the test shows rough correlation with the electric motor speed (Fig. 5.20), 
it is only correlated to the electric motor speed and load – hydraulics pressure, 
which is in turn dynamically adjustable with a stepper and pressure regulator. 
Actuating turning cylinders while a vehicle is stopped requires almost 15 MPa 
pressure, which requires 76 A current flow from the battery. Pressure drops to 2 
MPa – 3 MPa while driving, caused by the wheel motor’s high throughput, which 
consumes only 10 A – 15 A current. It should be noted that that the pump motor 
is only driven at speeds over 23% because it is unstable under that level. 
 

 
Figure 5.20 Tracdrone’s current consumption correlation with the motor speed. 
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measurements before and during the field test, the summary specific resistive 
forces can be calculated to platforms by reducing the track to the flat ground and 
plotting in relation to the driving speed: 

 

grdn FFFF  .  (5.1) 

 
As can be seen on the graph (Fig. 5.21), when the platform reaches its speed limit 
because of resistive forces, the motor is not capable of accelerating it further since 
no more useful force is available. Due to the offroad design, wear is expected to 
increase exponentially on tires and transmission; therefore, the platform has its 
most efficient range of use at low speeds (> 15 km/h). 
 

 
Figure 5.21 Resistive force and useful force calculated for Tracdrone driving on flat 
terrain. 
 
In addition to the mobility efficiency characteristics of platform calculated based 
on dynamic measures, other efficiency properties can be calculated based on real-
condition tests. Statistical reliability accidents of Tracdrone’s territory 
surveillance mission included: 

 loosening bolts in the central joint after driving 1 km, which eventually 
lead to breakdown as the platform was unable to steer anymore; 

 oil leak occurrence noted after driving 1 km as the movement loosened 
the line attachment nut. 

 
Uku had driving electronics problems, so it had to make unintentional pauses 
several times during the test, yielding about 30% operational efficiency. Wear 
tracking of both platforms needs long-term operations as the effect is not 
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measurable during some episodic missions. Correct information about reliability 
and wear can be obtained when a UGV’s work on long-term and daily basis with 
data recording devices installed. 

 Compilation of efficiency profiles 

Real-condition testing generates large sets of data for analysing the platform 
design properties. The recorded test data enabled calculation of several specific 
parameters for the efficiency profile, observed in the efficiency metrics analysis. 
Parameters from the territory surveillance mission are given in Table 5.3. 
 
Table 5.3 Calculated parameters for platform profiles 
 

Parameter mean value “Uku” “Tracdrone” 
Current consumption, Wh/m 4,5 8,2 
Auxiliary power consumption, Wh/m 0,8 0,7 
Driving speed, km/h 7,4 11,3 
Longitudinal acceleration, m/s2 0,5 0,8 
Longitudinal deceleration, m/s2 0,5 0,9 
Distance from obstacles, m 3 2 
Time to collision, s 1,4 0,7 
Curvature, 1/m 0,2 0,4 
Terrain roughness, mm/m 4 2,5 

Ratio, %   
Load factor 57 41 
Traction efficiency 61 96 
Tractive efficiency 72 52 
Navigation efficiency 85 92 
Operational efficiency 33 28 
Reliability 30 30 
Autonomy 50 50 

 
As testing Norcar in real-condition test was not possible, its efficiency map can 
be predicted based on similarities with other two platforms. Conditions for Norcar 
feed transportation mission are easy to measure. This makes possible to estimate 
some efficiency parameters for Norcar profile based on its technical data (Table 
5.1) and through scaling based on other tested UGV platform data (Fig. 5.22). 
Besides being heavier, Norcar has the following layout properties: 

 similar to Uku – front wheel steering; 
 similar to Tracdrone – hydrostatic power transmission; 
 different from others – diesel engine, large transportation capability; 
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Figure 5.22 Comparison of efficiency parameters of unmanned platforms 
 
Platform efficiency ratios were calculated for testing data according to metrics 
described in section 3. For example, Tracdrone’s load factor calculation during 
driving is based on formula 3.6 and it uses the current consumption sensor on the 
battery output cable. It was found that a full load on a 3 kW electric motor 
consumes 86 A current constantly and maximum values are experienced on 
accelerating the wheel motors while driving at constant velocity consumes 
relatively low current (Fig. 5.22). The average load factor ηL = 41% means that 
Tracdrone can easily accomplish pure driving tasks like territory surveillance 
mission. For lowering the energy consumption, it is possible to use ~1.5 kW 
electric motor with an expected load ratio of 80% – 90% although it means 
pulling or climbing is not possible anymore. 
 

 
Figure 5.22 Data recording section for load factor calculation. 
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Using efficiency profile visualization, better feedback to the studied platform 
design and operational suitability can be given. Efficiency maps in the form of a 
radar chart for all three platforms are presented in Fig. 5.23. The corresponding 
mission maps according to task requirements are in Fig. 5.24. The map plots the 
summary efficiency ratio of the platforms and divides the energy losses by type. 
Although all platforms are universal, their properties and capabilities are 
different. In a similar way, mission layouts and requirements need particular 
UGV properties for processing with maximum efficiency. If the mission profile 
area fits into the platform profile area, the platform can meet all the mission 
requirements. However, considerably larger platform capability margin indicates 
poor energy efficiency as its strength reserves are exaggerated. 
 

 
Figure 5.23 Calculated efficiency ratios for test platforms. 
 

 
Figure 5.24 Requirement map for test missions. 
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Due to allocated coast down tests, it is possible to divide the energy consumption 
of both platforms into parts. The contribution of resistive forces of the Tracdrone 
UGV during the test mission is summarized in Fig. 5.25. As can be seen, most of 
the energy is consumed for accelerating the platform to a speed and overcoming 
slopes. Uku was driven on different road conditions (Fig. 5.26). While the speed 
was lower on offroad conditions, its energy consumption increased by about 20%. 
Also, offroad required more power to accelerate the vehicle due to frequent slopes 
and high terrain roughness. Aerodynamic drag effect was expected to be 
negligible on all platforms as they are similarly low speed operated. 
 

 
Figure 5.25 Distribution of resistive forces during the Tracdrone test. 
 

   
Figure 5.26 Distribution of resistive forces of Uku in two different tracks. 
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to be in the same level with the ATV vehicle (about 100€ per month). Therefore, 
if the same missions are processed by a human worker on workdays, UGV 
profitability will show better at operating under a year. If non-stop 24 h work is 
planned for UGV, it will pay back its costs within some months of the operation 
time. 

However, there is always a possibility to lower the UGV purchase price and 
increase cost-efficiency by using cheaper technologies, materials, components 
that satisfy the requirements. It is the usual case that a prototype is much more 
expensive than a serial product. Still, at some point, reliability starts to deteriorate 
when the cost influences the quality too much. Exploitation costs are much lower 
on electric vehicles because charging the battery is inexpensive and there is no 
need to change oils, filters etc. 

 Validation results 

Based on the data acquired from the allocated and the real-condition testing, 
efficiency profiles were compiled. Profiles enable us to validate the platform 
suitability for processing the planned test missions. Using the composed profiles, 
the following conclusions were reached: 

 Real-condition testing validates the field of application of the UGV under 
study. None of the current platforms were developed for the territory 
surveillance mission; however, light vehicles like Uku will suit best for 
this range of use. Tracdrone seems suited for snow plowing and bulk 
material loading tasks. Feed transport mission is clearly inclined to 
favour high cargo capacity, therefore most suitable for Norcar. 

 Electric power unit equipped vehicles have best energy efficiency and 
emission properties. However, due to high energy density and non-stop 
operational capabilities, ICE powered platform has much better 
operational efficiency since it can produce more useful work with the 
same time. 

 Navigation efficiency and autonomy level of an UGV can be measured 
numerically and used for technology limit comparison in the current state 
of development. So far most studies rely on subjective scoring. 
Depending on the mission, demands for autonomy level are different 
with varied conditions that need much higher level of adaptivity. 

  Tracdrone and Uku consume current differently due to the power 
distribution system. Although a hydraulics system has its advantages, it 
consumes about 20% more energy than the direct drive for accomplishing 
the same task. It is also seen that modifying the Tracdrone’s power unit 
yielded to 5% more energy consumed for driving. This is not a rational 
improvement for territory surveillance but it increases performance 
considerably for a snow plowing task. 

 Based on the predefined constants and the data measured during the real-
condition test, resistive forces during the UGV movement were 
calculated and energy efficiency distribution plotted. This reveals that 
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most of the energy is spent on overcoming rolling resistance, 
aerodynamic resistance is negligible at those speeds. 

 Several improvements to platforms can be suggested by platform 
efficiency profiles. All platforms should be fitted lower rolling resistance 
tires as terrain is quite easy. UKU could benefit from powertrain 
development and differential transmission. Tracdrone articulated 
steering design and hydraulic powertrain is not for smooth handling on 
long driving. Norcar is too heavy and possibly wastes too much energy 
for the observed application. 

 Conclusions of efficiency validation and test missions 

 Efficiency validation of several UGV platforms was described in this 
section. 

 During the thesis research, there was a possibility to analyse the 
efficiency of three different wheeled mid-size UGV universal platforms. 

 Three mission scenarios are proposed for the testing performance of the 
platforms. Each requires different qualities in order to be solved 
successfully. 

 The allocated coast down testing enables us to indicate the distribution 
of resistive forces on the energy efficiency profile. 

 Navigation test indicates the platform navigational efficiency, as well as 
the autonomy level and reliability. 

 Drawbar pull force measurement indicates the power and traction limits 
of the platforms. 

 Energy efficiency profile plots the summarized ratio of the UGV 
operational and energy efficiency as well as individual property ratios. 
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CONCLUSIONS 

The aim of this research was to develop a method for evaluating energy and 
operational efficiency of a mobile platform based on the requirements set by the 
field of application. The current work contributes to the standardized 
performance evaluation of autonomous platforms. As the efficiency profile 
compilation is based on the calculations, not subjective scoring and judging, the 
results reflect the properties of the platform more closely. Based on the real-
condition results and the design validation of the current platform, assumptions 
and estimations can be made for other new platforms that are in an early design 
stage. 

The primary result of the work is the method for compiling a task and platform 
efficiency profiles based on the real-condition testing results. 

In the research, several steps were performed in order to create the 
methodology: 

 Typical UGV tasks and missions were observed to find the essential key-
properties and assign priorities. It is necessary for a platform to meet 
these task requirements for successful operation. 

 Based on the typical longitudinal dynamics model of a vehicle, a special 
UGV power consumption model was composed that utilizes resistive 
forces as key factors. Energy and operational losses were described using 
several ratios included to the internal and external energy conversion. 

 The energy efficiency key-parameters were examined based on three 
available mid-size UGVs. Though test vehicles are using different power 
sources, transmissions and steering principles, their design is compared 
on equalized basis. 

 Platform design and operation were tested in real-conditions to obtain 
dynamic data for validation. Some parameters were measured directly 
during the test with a self-contained measurement system, other 
parameters were calculated during the allocated test or obtained 
statistically over a longer testing period. 

 Energy and operational efficiency profiles were compiled. Although 
accelerating and resistive forces can be measured together, it is not 
enough to know the summary values. Instead, the design analysis 
requires separation of the applicable forces and separate descriptions. 

 
The main objectives were completed in the following levels: 

 Efficient operation properties of tasks and missions assigned to universal 
mobile platforms were analysed. Requirements for efficiency were 
established based on the task map that describes and limits success 
factors. Priorities were assigned by scaling the parameters in comparison 
with each other. Standardized requirement profiles are easily linked with 
mobile platform design elements. Task requirements will not restrict the 
principles of the platform design element. Instead, they set up successful 
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operation criteria. Exact task profile helps to search an ideal platform 
design that completes the task with maximum efficiency. 

 A method for testing the key parameters of the mobile platform 
efficiency was developed. The method includes several tests for 
obtaining the key parameters of efficiency. Efficiency analysis was based 
on the energy consumption model, specially composed for mobile 
platforms that use its power source to generate useful physical work 
during task processing. A set of efficiency key-parameters was used for 
extracting and quantifying energy losses during the operation. Thus, it is 
possible to measure every platform efficiency property required by a 
task. 

 The layout and compilation of the efficiency profile is presented. The 
efficiency profile for a particular mobile platform describes its 
performance, current design strengths and weaknesses, energy 
consumption distribution and sources of inefficiencies. An efficiency 
map was composed using several appropriate ratios calculated from the 
dynamic data of real-condition testing. Platform profile layout was 
designed to correspond to the task map layout for easy assessment of 
design suitability in the field of application. By overlapping them with 
mission requirement profiles, suggestions for design improvements were 
compared. 

 The validation results of existing platforms were used in product 
development for improving the early design phase. Based on the recorded 
data during several tasks, efficiency profiles were created and compared 
with mission maps. The results can be organized in knowledge library 
and used for an engineering toolkit which allows easy platform design 
validation, aiding simulations, predicting design concept performance 
and efficiency. 

 
Contributions of the research: 

 A contribution is made to the standardized performance evaluation of 
autonomous platforms. Although it is currently uncommon, consumer 
benefit is clear when getting objective benchmarks. 

 Compilation of the energy efficiency profile of the mobile platform and 
assessment of a single component effect on it. Validated and accurate 
energy efficiency information and derived design guidelines provide 
major improvements in the optimization of an unmanned ground vehicle 
platform. 

 Improvements in the early design phase of unmanned mobile platform 
development. Consumer market for mid-size unmanned platforms is 
expected to grow exponentially, accompanied by an increasing demand 
and a stronger need for handling the complex design process. As energy 
efficiency is always one of the most important measures in consumer 
products, it is especially important to support it in the early stage of a 
design process. 
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 It is demonstrated that designing energy efficient and versatile platforms 
is a current trend. As robot platforms are often designed universal, design 
requirements consider multiple aspects that make optimizing energy 
efficiency and meeting requirements complex. 

Novelty of the research 

The scientific novelty of the research involves: 
 Compilation of task and mission properties into standardized 

requirement profiles, which is easily linked with mobile platform design 
elements. 

 Proposal of energy consumption model specially composed for mobile 
platforms that use its power source to generate useful physical work 
during task processing. 

 Composition of the mobile platform efficiency map that describes its 
design strengths and weaknesses numerically. For this purpose, several 
appropriate ratios calculated from dynamic data of real-condition testing 
were used. 

 Suitability assessment of mobile platform design in the field of 
application using composed efficiency profiles overlap with mission 
requirement profiles. 

 Provision of comparative test of two universal platforms as a guideline 
for further applications. 

Future work 

The main limitation for testing is the lack of available UGVs in usable condition. 
As the field of unmanned technology is still new, only few platforms in the 
vicinity are under development and available for testing. It was very helpful that 
the author’s own project Tracdrone and Uku were available in the university 
when needed. Hopefully, more platforms can be tested in the future. 

Low level of autonomy of unmanned platforms limited testing complexity. As 
they were prototypes under development, navigation and adaption with 
environment conditions was rather basic and hard to test full operational 
efficiency in real environment. Advanced autonomy can also be tested further 

As the estimations of platform properties rely on statistical analysis, clearly 
more testing data are needed to improve the system. The more data are recorded 
during real-condition testing, the less uncertainty of the profile indicators will 
there be. Because of large data amounts, utilization of data mining and machine 
learning algorithms is essential for result computing. 

It would be beneficial to test all three platforms in several missions that have 
different requirements. Varying the environment conditions and different terrains 
is also important. Other platforms, especially those using different locomotion 
and steering mechanisms or power conversion chain, should be tested when 
available. 
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Both platforms used for real-condition testing are currently on the prototype 
level with plans to develop the design further. Therefore, both benefit from 
compiled energy efficiency profiles, which are basically a collection of relevant 
properties and their effects, to match better with a planned field of application. 
Tracdrone’s first application is agricultural soil survey and sampling, which 
creates the need for extending the operation time and distance by improving the 
navigation and energy efficiency while preserving the performance 
characteristics. 

In addition, the results are used for validation of simulations; a database of the 
testing results for several mobile platforms can be used to predict the results when 
similar solutions are under development. Currently, no databases are freely 
available, for example, those containing data of rolling resistances of different 
sufficiently described tires. Although there are simulation and estimation 
methods available for early design support, a comparative database would 
enhance the energy efficiency forecasting considerably. More precise input to 
simulations yields to a better output. 

To improve practical usability of the method, automatic compilation of the 
efficiency profiles simplifies acquisition of the results, comparison of different 
platforms and their properties. XML based design models enable automatic cross-
linking between different profiles. While new information is uploaded, the system 
would benefit from self-training algorithms. Therefore, corresponding software 
should be developed which would process recorded testing data. 

The solution could become a valuable part of an online knowledge base [72] 
that combines information and tools to aid the design process of mobile robotics. 
The components already configured and validated would be freely available. In 
addition, the common knowledge sharing environment activates co-operation 
between SMEs and research institutes. The essential parts in the knowledge base 
would be: 

 efficiency profiles of existing platforms; 
 configurable requirement profiles of typical tasks; 
 platform performance analysis and comparison tool; 
 detailed design configurator for generating platform layouts to match 

requirements; 
 energy efficiency estimation of platform layout. 

 
The next level of efficiency evaluation is to study co-operation of multiple UGVs 
or co-operation with UAV that is already in the area of interest [44]. Tasks can 
be divided between platforms with different capabilities and therefore improve 
mission processing more than possible with independent platforms. Currently, 
most UGVs are used independently as they lack sufficient intelligence and 
adaptivity to co-operate. However, this will certainly change in the near future 
with the growing market. 
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ABSTRACT 

Energy Efficiency Evaluation Method for Mobile Robot Platform Design 
 
Unmanned ground vehicle market is expected to grow exponentially with many 
competitive designs being developed also for applications in the civil field. While 
the expenses for automation and robotics technology have decreased, the 
development complexity is increasing and the lead times to market are shrinking, 
which requires considerable effort to tune the autonomous platform performance 
and efficiency to a competitive level. Designing a complex mechatronic system 
is a time-consuming task with expensive prototype building and a lot of trial-error 
testing. Practical usable systems for prototype performance evaluation and 
validated model databases can improve the platform early design phase and speed 
up new concept generation for applications. 

This thesis is focused on the efficiency validation method that provides a link 
between the UGV design models and their real-condition operational efficiency. 
Although platforms are usually designed with more or less universal capabilities, 
their most efficient operating area is much narrower. Efficiency metrics for 
universal platforms are established by mapping tasks and missions in the planned 
range of use taking into account the environment and terrain properties. This 
enables compilation of efficiency profiles to particular platforms that also present 
energy consumption distribution. Profiles are used to improve and optimize UGV 
design, control systems and their comparison to find the most suitable for a given 
task. The thesis research is part of the general mobile robot development 
framework incorporating methodologies, tools and experimental data focusing on 
the early stage product design support. 

Based on the goals, the following tasks were solved: 
 Analysis of efficient operation properties of tasks and missions assigned 

to universal mobile platforms. Requirements for efficiency are 
established based on task properties and the corresponding key 
parameters selected. 

 A method for testing the key parameters of the mobile platform 
efficiency was developed to validate the design in real condition. 

 Efficiency profiles for mobile platforms that describe their design 
suitability to the field of application were developed. This enables easy 
comparison of different platforms and improvements in the design and 
technical solutions can be made. 

 Platform efficiencies were validated and compared based on real-
condition measurement tests. Three different mid-size wheeled platforms 
were used to accomplish the territory surveillance mission. 

 
In the current research, a method for evaluating operational and design efficiency 
of the mobile platform was created. Based on the real-condition testing, 
efficiency and energy consumption distribution profiles were created for 
platforms and improvements were suggested for design. Although robotic 
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platforms can use different moving and steering principles or power source, the 
method enables comparison of efficiency based on the performance and energy 
consumption, regardless of the design. All results were saved into the database, 
which enhances the efficiency forecasting considerably for future uses. The 
current work contributes to the standardized performance evaluation of 
autonomous platforms. 
 
Keywords: unmanned ground vehicle, mobile robotics, energy efficiency, design 
validation. 
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KOKKUVÕTE 

Liikuva robotplatvormi energia efektiivsuse hindamise meetod 
 
Mehitamata sõiduvahendite turule ennustatakse järsku kasvu. Lisaks 
militaarotstarbele arendatakse järjest enam selliseid tooteid ka 
tsiviilotstarbeliseks kasutamiseks. Koos automaatika- ja robootikaalaste 
tehnoloogiate odavnemise ja kasutusala laienemisega kasvab ka tootearenduse 
keerukus, samas kui arenduse aeg järjest väheneb. Selline olukord nõuab 
inseneridelt märkimisväärset pingutust autonoomsete platvormide suutlikkuse ja 
efektiivsuse arendamiseks konkurentsivõimelisele tasemele. Keeruka 
mehhatroonilise süsteemi projekteerimine on ajamahukas ülesanne, millega 
kaasneb kallis prototüübiehitus ning palju testimist. Praktiliselt kasutatav süsteem 
prototüüpide suutlikkuse hindamiseks ja sellel baseeruv valideeritud 
konstruktsioonimudelite teek aitaks oluliselt kiirendada robotplatvormide 
tootearenduse varasemat, kontseptuaalset etappi ning lühendada uute lahenduste 
väljatöötamise aega. 

Käesolev doktoritöö keskendub mehitamata liikuvate platvormide 
efektiivsuse valideerimise metoodika loomisele, mis ühendaks robotite mudelid 
nende toimimise efektiivsusega planeeritud kasutustingimustes. Kuigi 
platvormid projekteeritakse enamasti rohkem või vähem universaalsed, on nende 
kõige efektiivsem kasutusala märksa kitsam. Efektiivsust kõige paremini 
kirjeldavad parameetrid tuletatakse kasutusala ülesannete kaardistamise teel, 
võttes arvesse keskkonna ja maastiku omadusi. Selle põhjal on võimalik koostada 
uuritavale platvormile efektiivsuse profiil, mis ühtlasi esitab ka selle energiatarbe 
jaotust. Neid profiile kasutatakse mehitamata sõidukite konstruktsiooni ja 
juhtsüsteemi arenduseks ning optimeerimiseks, samuti erinevate tehniliste 
lahenduste ja platvormide omavaheliseks võrdluseks ning parima kasutusotstarbe 
leidmiseks. Tehtud uurimustöö on osa üldisest mobiilsete robotite arenduse 
raamistikust, mis sisaldab erinevaid meetodeid, töövahendeid ja katseandmete 
teeki ning on mõeldud toetama tootearenduse varast etappi. 

Eesmärkidest lähtuvalt lahendati järgmised ülesanded: 
 analüüsiti robotitele määratud ülesannete seatavaid efektiivse toimimise 

nõudeid. Nende nõuete baasil on väljatöötatud vastavad 
võtmeparameetrid. 

 Arendati metoodika, mis võimaldab süstematiseerida ja testida robotite 
efektiivsuse võtmetegureid reaalsetes oludes ja sellega valideerida nende 
tehnilisi lahendusi. 

 Koostati robotitele efektiivsuse profiilid, mis ühendades mudelid 
katseandmetega, kirjeldavad nende konstruktsiooni ja kasutatavate 
tehniliste lahenduste sobivust planeeritud kasutusalale. Profiilid 
võimaldavad platvormide omavahelist võrdlust ning nende põhjal 
parandada tootearendust. 
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 Loodud metoodika abil võrreldi kolme platvormi reaalsetes tingimustes 
läbiviidud katsete põhjal. Selleks oli võimalik kasutada erineva 
ehitusega, kuid keskmise suurusega ja ratastel liikuvat robotplatvormi. 

 
Töö tulemuseks on metoodika väljatöötlus mobiilsete robotplatvormide 
toimimise ja konstruktsiooni efektiivsuse hindamiseks. Välikatsetele tuginedes 
on robotitele koostatud efektiivsuse ja energiatarbe jaotuse profiilid ja vastavalt 
soovitatud konstruktsiooni täiustusi. Kuigi platvormide liikumise ja pööramise 
põhimõtted ning energiaallikad võivad olla erinevad, võimaldab metoodika 
võrrelda neid olenemata konstruktsioonist vaid suutlikkuse ja energiatarbe 
põhjal. Tulemused kogutakse teeki, mis lihtsustab konstruktsiooni toimise 
efektiivsuse ennustamist tulevikulahendustes. Käesolev töö on oluline samm 
robotplatvormide standardiseeritud suutlikkuse hindamiseks. 
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