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1.0 Problem or Need 

The University of Colorado (CU) Department of Aerospace Engineering Sciences has designed a family of 

rovers for Jet Propulsion Laboratory (JPL) over the last 5 years for terrestrial exploration.  These rovers have 

been designed such that a Mother Rover (MR) can deploy multiple Child Rovers (CR) to explore and survey 

the immediate vicinity. The CRs could then be designed to fulfill very specific missions.  For example, a CR 

can be developed that focuses solely on collecting sample from the vicinity, while another robot takes 

photographs.  The previous MR and CR projects have been developed for and are limited to a flat surface. 

These surface design constraints prevent exploration of a large portion of terrestrial features such as crater 

walls, canyons, and caves. There still exists the need to develop a rover that can explore a non-level surface. 

Given this need, the goal of this project is to design and build a CR that is capable of deploying, 

communicating, and docking with the previously designed TREADS MR, while also being able to ascend and 

descend slopes between 30 and 70 degrees. These slopes will mimic a sandstone surface with random 

discontinuities, such as might be found when exploring canyon walls, craters, and caverns.  

2.0 Previous Work 

The DARE rover is a legacy project which dates back to the 2008/2009 school year. The first installment, 

ReMuS, developed a 1st generation mother rover with an optical navigation system. ReMus purchased 

Commercial Off the Shelf rovers as mock CRs.
1
 Through the R3 project in the 2009/2010 academic year a 

CR was developed in conjunction with upgrading the navigation system of the MR. The CR was tasked with 

being able to travel to a point of interest, take an image, and relay it back to the MR.
2
 The third installment 

was the X-ROVER, which supplied new electronics and suspension systems for the child rovers to function 

in varying terrain.
5
 In the 2011/2012 academic year, an autonomous retrieval system was added in which the 

CR would find a sample of a certain color, collect it, and bring it back to the MR.
3
 The latest installment, 

TREADS, focused on expanding the MR to store two rovers and provide storage for the samples taken, along 

with developing a new deployment and recovery system.
4
 While these legacy systems provide a great 

resource, it will still be necessary to integrate the working systems into a new rover, and there exists a high 

likelihood that utilizing any previous systems will require rework or redesign. 

 

The concept of climbing rovers has many applications in fields as widespread as geology, space exploration, 

and nuclear power plant maintenance.  The DARE rover specifically will be developed to explore terrestrial 

environments such as canyons, crater walls, and caves.  Rovers have already been developed to traverse steep 

slopes, and many of the technologies specifically focus on the interaction between the rover and the surface.  

These surface interaction technologies include negative pressure, mechanical grip, and dry adhesive.
6
  The 

negative pressure technology relies on suction cups and vacuums to keep the rover tightly attached to the 

surface; however, these systems tend to draw significant power, and are typically limited to a smooth surface.  

The mechanical grip technology typically relies on rovers pulling themselves up an irregular surface by 

finding holds, much as a human rock climber would.
7
 Another technology option is the micro-spine, which 

uses many micro-claws to grip microscopic protrusions that are present on porous surfaces.
8
  It provides a 

low power solution, but fabrication requires very precise and costly manufacturing capabilities.   The dry 

adhesive technologies use advanced materials like microfibers to grip the surface.
6
 For example, the gecko 

inspired Tri-Leg Waalbot uses specifically manufactured microfibers to create Van der Waal’s forces which it 

uses to adhere to a surface.  Other dry adhesive solutions have included scotch tape, and micro-structured 

polymer adhesives.  In summary, by leveraging a combination of the legacy systems from CU rover projects 

and the climbing technologies developed at other institutions, the DARE team will design and develop a new 

generation child rover capable of deploying from the MR, climbing a 30-70
o 

incline, transmitting data to the 

MR and then returning and docking with the MR upon completion of the mission.   

3.0 Specific Objectives 

Provided with the previous projects, as well as the customers requirement that the new CR be fully 

compatible with the legacy TREADS MR, the level one objectives for minimum project success are: 
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 The CR will be contained within the limitations of an area of 36.6" x 18" and will weigh no more than 

16lbs as set forth by the MR docking bay specifications. 

 The MR will receive commands from the legacy Ground Station to transmit to the CR. These 

commands will include deployment, docking, and exploratory motion. 

 The CR will deploy from and dock within the existing TREADS MR bay. 

 The CR will have a navigation system which can communicate both its relative position from the MR 

within ± 1m and its elevation angle to ± 5
o
. 

 Throughout its exploration, the CR will both capture and transmit photographic images to the MR 

which transmits this data back to the Ground Station. 

 The CR will be able to travel up to 20m to/from the MR over level terrain.* 

 After initial deployment from the MR, the CR will either ascend a 30
o 

slope for 20m and return to the 

MR, or descend a 30
o 
slope for 20m and return to the MR.*  

 The DARE team will design and build a test bed to evaluate the CR’s ability to move and climb, 

integrate and communicate with the MR,  navigate from given commands,  and acquire, store and 

transmit images. 

Through these objectives, the CR will accomplish the main desires of the customer to design and build a CR 

that is capable of deploying, communicating, and docking with the previously designed TREADS MR while 

meeting the minimum climbing requirement of 30
o
.  If met, the following level two objectives demonstrate 

enhanced capability for exploration: 

 After initial deployment from the MR the CR will either ascend a 50
o 

slope for 20m and return to the 

MR, or descend a 50
o 
slope for 20m and return to the MR.*  

 The CR will be capable of receiving commands directly from the Ground Station (but only transmit 

telemetry and data to the mother).   

For the level three objective the inclination angle will be increased even further. This tier details the ultimate 

goal which the group will design towards, however trade studies will need to be performed in the following 

weeks to examine full feasibility. 

 After initial deployment from the MR the CR will be able to both ascend a 70
o 

slope for 20m and 

return to the MR, and descend a 70
o 
slope for 20m and return to the MR.*  

The specific models used to analyze the final design solution will be developed as a solution forms. However, 

the following models may be used to analyze this project. Free-body diagrams will be a useful tool for 

preliminary analysis of transit mechanics, structures, and mass properties.  For a more complex analysis, the 

conservation of energy can be used to determine the power required, equations of motion can analyze the 

rover while in transit, finite element analysis can be used to analyze the structural loads, and CAD models can 

aid in determining mass properties.  

 

*The material used for the level terrain and inclination slopes will simulate a sandstone surface with 

randomly distributed discontinuities throughout. Following this PDD, a trade study will be performed to 

determine size, shape, and composition of such discontinuities.  

4.0 Functional Requirements 

4.1 Concept of Operations 

The Concept of Operations (ConOps) for this project outlines the path and tasks of the CR.  In the ConOps 

the different objects are represented as follows: the MR is the grey box, the CR is the red box, the motion of 

the CR is the green arrow, and the communication and imagery signal is the yellow sinusoid line.  The 

communication and imagery design has yet to be determined; the yellow sinusoid lines are simply to denote 

the existence of a communication system. The timeline begins with the MR deploying the CR.  The CR then 

moves towards the desired destination or terrain feature.  It then ascends or descends to its target destination 

while transmitting position and imaging data to the MR.  After completing the mission the CR returns to the 

MR and docks.     
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1. CR deploys from MR 2. CR approaches feature 

 

 

 

 

 

 

3a. CR climbs incline, while taking and 

communicating photographs, and then 

descends the incline. 

3b. CR climbs decline, while taking and 

communicating photographs, and then 

ascends the decline. 

 

 

 

4. CR returns to MR 5. CR docks with MR 

 

 

 

 

 

4.2 Functional Block Diagram 

The functional block diagram below details the interaction between all of the systems within the child 

rover, as well as the interaction between the CR and the MR and the ground station. The diagram also 

shows which systems are intended to be designed by the DARE team and which systems are intended 

to be implemented from the legacy projects. These legacy systems are presumed to be functional at the 

current time and will only be altered and/or redesigned to the minimum level necessary to satisfy the 

objectives of the DARE project. In this diagram, C&DH represents communication and data handling, 

and EPS represents electrical power systems. 
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*Black box systems comprise all systems from other areas of the project that don’t encompass the focus of this project 

and are provided via legacy systems. 

 

5.0 Critical Project Elements 

1. Legacy System Utilization 

The project scope is highly dependent on the status of the previous systems provided through the 

legacy projects. In order of priority, it is assumed that the legacy communication, docking navigation 

& guidance, C&DH, and EPS, systems will require minimal cost and time to implement into the 

current project. However, such an assumption presents a high risk due to the current state of the 

previous systems being unknown, as well as their compatibility with the new CR. Throughout the 

project, trade studies will be performed to determine the feasibility of using each system, detracting 

time from designing the new CR. 

2. Mechanical system capable of climbing 70
o
 

Given that a CR capable of climbing 70
o
 inclines has yet to be developed, there exists a higher risk 

that a large amount of time will be spent developing mechanical design solutions, thereby sacrificing 

time and funds for a system that is not guaranteed to work. 

3. Team technical ability in software and electronics  

This team consists entirely of aerospace engineering students from CU, and as such has limited 

experience in embedded systems software and electronics. Given this project is highly dependent on 
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these disciplines; the team will require additional training, which will detract time from direct labor 

on the project. 

4. Navigation system 

The two legacy navigation systems include the cricket system and dead-reckoning. The cricket 

system is considered insufficient at this point in time due to the limited range and functionality in 

three dimensional space. The dead-reckoning system requires that there be no slippage, which may 

not be possible to achieve. A significant design change from the existing systems will likely be 

necessary. Thus, there is high risk that the team will need to develop a new navigation system in 

order to meet the requirements.  

5. Testing 

The DARE team has been granted access to the large RECUV test facility, however, there is 

currently no test bed available to fully test the proposed distance at the maximum angle of 70
o
. 

Given this, it will be necessary to either identify or design and build a capable test bed, detracting 

funds and time from the design and development of the CR. Another concern is the safety of the 

students, CR, and test bed when testing at the maximum distance and angle of inclination.  These 

issues can be mitigated by demonstrating range requirements on a level surface and the ability to 

climb/descend slopes with a shorter track, such as a 5m inclined track.  However, this may alter the 

validity of the test, as several factors including distance to the mother, location monitoring, and 

continual power-draw will not be true-to-life.   To compensate this, the team will develop a testing 

plan with a series of appropriate component and system level testing to validate that the rover 

satisfies all functional objectives, while maintaining feasibility.  This testing plan will be developed 

once a design solution is decided upon, and will continuously be revised as more clarity is gained 

into the specific details of the final design solution. 

6. Power requirements 

The power required to run the rover’s navigation and control systems, provide energy to travel up to 

80 meters, 40 of which are either up or down a 70
o
 slope is not a trivial problem and will be a strong 

constraint. There is a high risk that there will not be enough space onboard the CR to store a power 

source that will provide the power and total energy required for the mission. Power required will be 

highly dependent on the design solution and will be determined in the following weeks after trade 

studies are performed. 

6.0 Team Skills and Interests 

Critical Project Elements Team member(s) and associated skills/interests 

Legacy System Utilization Kara – Team and budget management experience and interest 

Chris – Project management experience and interest 

Eric – Systems integration, project management experience, budgeting 

experience and strong interest 

Mechanical system capable of 

climbing 70
o
. 

Ben, Jason, Lea, Austin – Component design experience (Solidworks, 

Catia) 

Austin - Manufacturing and robotics experience 

Ben, Chris – Intro to finite element methods experience (ASEN 5007) 

Eric – Systems integration, component design experience 

(Solidworks) 

Stephanie – Strong statics, structures, and dynamics experience and 

interest 

Kara and Lea – Strong interest in improving mechanics knowledge 

Software and Electronics Ben – Electrical component design and electronic testing experience 

and interest 

Lea, Austin – Circuit board building and integration experience 

(ASEN 3300 & ASEN 4519-Microavionics) 
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Lea – Interest in circuit design and automated design learning. 

Chris, Jason – Aerospace software experience (ASEN 4519) 

Eric – Component design experience (Solidworks) 

Kara – Automated design experience 

Austin – Experience programming in C (COMS 2803 from ATU) and 

Electrical Circuits and Systems (ECE 231 from USAFA) 

Stephanie – Strong interest in embedded systems 

Navigation system Stephanie, Kara – A little experience was gained from ASEN 2012 

and ASEN 3300. They have strong interest to learn even more. 

Testing Jason – Testing and calibration experience on force gauges  

Lea – Component building and test designing (wood/material building 

courses & RocketSat VII), trade studies & budget training experience 

Chris – Industry experience in verification and validation 

Kara – Experimental lab experience and interest 

Power Requirements Austin – Robotics experience 

Chris – Industry EPS design and development support experience 

Eric, Ben, Jason, Stephanie – Rudimentary power system design and 

development experience 

7.0 Resources 

Critical Project Elements Team Resources 

Legacy System Utilization PAB Board Advisor; Matt Rhode; Trudy Schwartz; Tim May; Andrew 

Tsoi (grad student on previous rover team) 

Mechanical system capable of 

climbing 70
o
. 

Matt Rhode; Trudy Schwartz; ITLL Workshops 

Technical abilities Trudy Schwartz; Matt Rhode; Tim May; ITLL Workshop 

Navigation system Dr. Akos/Dr. Larson in the event GPS is selected as the means of 

navigation.  Dr. Sternovsky and CU Electronics Center for other 

navigation methods. 

Testing Dr. Frew’s testing facilities at RECUV will provide sufficient space to 

build and set up an inclined slope to test rover. 

Power Requirements  Professor Chu and Professor Sternovsky, Bobby Hodgkinson, Trudy 

Schwartz,  
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