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1.      Overview      

  

 There are approximately 10 million Americans who have difficulty in walking according 

to United States Census. These individuals with limited mobility have difficulty performing day 

to day tasks such as opening the door, carrying things, picking up objects, and etc. They have to 

rely on the constant aid of caregivers or assistants which can lead to restrictive quality of life. 

1.1 Lack of Nurses 

There are several reasons why having a nurse aide is not the best solution, the most important 

one is the increasing demand for registered nurses. The US population is expected to face a 

major shortage of registered nurses. The US Department of health and Human Services predicted 

that the demand for registered nurse will increase 40 percent by 2020, with the increasing supply 

of only 6 percent. (US Department of Health and Human Services, 2002). 

1.2 Cost of Assisted Living 

 

 In addition to the increasing demand for nurses, the cost of assisted living is high. The 

cost of assisted living in the United States nationwide is increasing on an average of 370 million 

USD per year and results of a total of approximately 5 billion from 2000 to 2015. (Kaiser Health 

News, 2015). Figure 1 illustrate  the increasing cost of assisted living. 
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Figure 1 Costs of Assisted Living 

1.3  Gap Analysis 

 According to 2014 Census Bureau reports, in the United States, there are 10 million 

people who have reported that they need mobility assistance or they still rely on the personal 

healthcare professional to assist them with daily activities. With the rise of the demand for 

registered nurses, there is a gap between the demand and the supply which needs to be closed by 

fulfilling the need of a registered nurses. Our project is aiming to close this gap by providing a 

system that addresses the needs of individuals with limited mobility and reduce the needs of the 

registered nurses. Figure 3 shows the supply and demand gap for registered nurses.  
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Figure 2 Supply and Demand Gap 

1.4  Difficult Tasks for Impaired Individuals 

 In order to know what tasks individuals with limited mobility have the most difficulty 

performing, each team member did a scenario being in a wheelchair and recorded the most 

difficult tasks that were unable to do without help from others. Also, we set with a patient who 

just had an ACL surgery and watched him performing his daily tasks and record what specific 

task he was not able to do with the help from others. First, difficult task was mobility assistance 

which consists of the most tasks which were going up and down stairs, moving from point A to 

point B, getting on and off bed/wheelchair/chair/toilet/bathtub, opening/answering doors and 

going in and out of elevators/escalator. The second less difficult task was object relocation. It 

includes fetching objects, difficult to reach/ carry objects, and reaching light switches. 

  

 

 



 

8 

 

1.5  Survey 

In order for us to get a perspective on what individuals who faced leg injury in the past and got 

their input on what daily tasks they had trouble with and it is rank from 1 as easy all the way to 

10 as hardest and. We also inquired about features that they would want a robot to do for them 

and it is ranked from 1 as not useful all the way to 10 as very useful. Also, we did an additional 

survey to find what environment our robot will be best suited for and we listed three possible 

options which are in-home use, outdoor use and nursing home use. 

1.6  Survey Result 

 From analyzing the survey, we concluded that individuals who faced limited mobility 

wanted help on climbing stairs, carrying items, moving from place to place. As far as functions, 

they wanted a robot that can help them climb the stairs, retrieve items for them and be able to 

carry stuff and follow them. We also asked individuals who did not have a leg injury but if they 

did have an injury what they would think they would have trouble with and also what tasks 

would they want a robot to do for them. Of the 30 participants, 60% said they would use it for 

home care, 30 % outdoor use, and 10% for nursing home use. Of the 30 participants, 60% said 

they would use it for home care, 30 % outdoor use, and 10% for nursing home use. See Figure 3, 

4, and 5. 
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Figure 3 Survey Results (Tasks)        

Figure 4 Survey Results (Robotics Functions) 

Figure 5 Robot Terrain 
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2.      Stakeholder Analysis 

 

 There are four stakeholders relevant to the RAMP system: (1) Patients, (2) Insurance 

Companies, (3) In-Home Healthcare Services and (4) patients Family. The major tension 

regarding our stakeholders is that caregivers are afraid of being replaced and losing their jobs 

with the RAMP system. Figure 6 explains the relation between stakeholders. 

Figure 6 Stakeholder Diagram 

2.1  Patients 

 In the United States, there are 10 million people who are dealing with limited mobility. 

There are many forms of injuries leg injuries that limit a person's ability to walk and do their 

daily routine. The most common leg injuries are shin splints, ankle sprains, tears of the Achilles' 

tendon. Stress fractures of the foot are common injuries to the lower leg. There are also 

individuals that are facing obesity problems and are unable to move around as freely. 
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2.2  Insurance Companies 

 Insurance companies are an important stakeholder in our system. They are able to 

incorporate new policies to include our robotic system for in home health care. There are 

currently more than 10 million people who have difficulty walking and our robot will be able to 

assist them. Insurance companies will be able to get involved by providing new policies to 

include our robot. The insurance companies are betting on the user not getting injured and they 

would like our robotic system to reduce additional costs and prevent further injury. 

2.3  In-Home Healthcare Service Providers 

 Home Healthcare Agencies provide skilled nursing and health aid services, and assistance 

with the essential activities of daily living. Our system is designed to aid the agencies by 

providing robots that are able to do the activities that the nurses don't necessarily enjoy doing. 

Our robot will be able to work with nurses and can shift the focus of the nurses to other things 

that matter. Our system will make a nurse job much easier and can potentially make each day 

much more exciting and entertaining with the use of our robotic system. 

2.4  Family  

 Family/relatives are stakeholders in our robotic system. Family provides emotional 

support and physical support to the patient. Having a robotic system will reduce the burden on 

the family of the individual that is facing the limited mobility. 

 

3.      Problem Statement 
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 Currently there is no cost-efficient system in place that enables the 10 million ambulatory 

impaired individuals facing limited mobility to perform daily tasks such as 1.) object relocation. 

 2.) two-way communication without relying on a nurse/caregiver. 

 3.) remote visual inspection.     

3.1 Win-Win Analysis 

 The problem is that caregivers are afraid of losing their jobs, but our robotic system will 

not replace the caregivers that it will help them by giving them freedom to be able to help more 

than one patient and let them meet more of the demand. 

The Win-Win scenario is that we would like to meet the demand, reduce costs of in home 

healthcare, keep jobs, and make patients’ lives easier and safer. 

 

4.      Need Statement 

 With 10 million people who need mobility assistance, shortage of caregivers, and the cost 

of assisted living getting higher,  there is a need for a system to assist ambulatory impaired 

individuals with their day to day tasks such as object relocation, two way communication and 

remote visual inspection  . 

 

5.   Con-Ops 

 The proposed solution is a Robotic Assistant for Mobility-Impaired Patients (RAMP) 

systems that will allow for the leg injured user to gather information about his/her home without 

ever having to physically move around. Relocate any assets of his choosing to fit his immediate 
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needs. Allow two-way communication between the user and other people in the immediate 

vicinity.  

 5.1 Sequence Diagram  

 Figure 7 shows the scenario of how the User interacts with the RAMP system. This 

scenario is pertaining to the situation the user wants an item and this diagram shows the 

interactions that are necessary to accomplish this task. 

 

 

Figure 7 Sequence Diagram 

 

6.      Requirements 

6.1  Mission Requirements 
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Table 1  Mission Requirements  

Mission Requirements 

1.0 The RAMP system shall help leg mobility patients with at least 90% of daily 

in home tasks 

 

1.1 

The RAMP system shall help in relocating 90% of the user’s assets within one 

floor of the patient’s home 

 1.1.1 The RAMP system shall pick up food which weighs less than 450 

grams  

 1.1.2 The RAMP system shall pick up mail that weighs less than 220 grams 

 1.1.3 The RAMP system shall pick up shoes that weighs less than 1133 

grams  

 1.1.4 The RAMP system shall pick up newspaper that weighs less than 220 

grams  

 1.1.5 The RAMP system shall pick up smart phone that weighs less than 

172 grams with dimensions 145.3 mm x 75.1 mm or less   

 1.1.6 The RAMP system shall pick up clothes that weighs less than 10 

ounces with dimensions of 45 cm x 80 cm or less  

 1.1.7 The RAMP system shall pick up medication that weighs less than 10 

ounces with a volume of 500 ml or less  

 

1.2 

The RAMP system shall gather 90% of the user’s information of the 

environment within one floor of the patient’s home   

 1.2.1 The RAMP system shall convey to the user a dog barking within 10 
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seconds if it is within 5 meters of the dog  

 1.2.2 The RAMP system shall convey to the user a doorbell ringing within 

10 seconds if it is within 5 meters of the door bell      

 1.2.3 The RAMP system shall convey to the user a door has opened within 

10 seconds if it is within 5 meters door  

 1.2.4 The RAMP system shall convey to the user a stove top is still lit 

within 10 seconds if the system is within 5 meters of the stove top 

 1.2.6 The RAMP system shall convey to the user of a garage opening 

within 10 seconds if it is within 5 meters of the garage  

 1.2.7 The RAMP system shall convey to the user a person’s voice within 10 

seconds if it is within 5 meters of the person  

 

1.3 

The RAMP system shall verbally communicate with 90% of the other entities 

within one floor of the patient’s home  

 1.3.1 The RAMP system shall verbally communicate the user’s person's 

voice within 10 seconds  

 1.3.2 The RAMP system shall be able to verbally communicate with the 

user’s family members within 10 seconds if they are within 5 meters 

of the system   

 1.3.3 The RAMP system shall be able to verbally communicate with the 

user’s pet within 10 seconds if they are within 5 meters of the system  

 1.3.4 The RAMP system shall be able to verbally communicate with the 

user’s neighbors within 10 seconds if they are within 5 meters of the 
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system  

 1.3.5 The RAMP system shall be able to verbally communicate with the 

user’s friends within 10 seconds if they are within 5 meters of the 

system  

 1.3.6 The RAMP system shall be able to verbally communicate with the 

user’s mailman within 10 seconds if they are within 5 meters of the 

system   

 

6.2 Functions 

F.1 The RAMP system shall provide a navigation function 

F.2 The RAMP system shall provide a mobility function 

F.3 The RAMP system shall provide a shift function 

F.4 The RAMP system shall provide a two-way communication 

F.5 The RAMP system shall provide a storage function 

F.6 The RAMP system shall provide a object retrieval function 
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Figure 8 Robotic Functions  

6.1 Functional Requirements 

 

1. The RAMP shall provide three functions: (1) Object Relocation, (2) Remote Voice 

Communication and (3) Remote Visual Inspection. 

6.1.1 Object Relocation 

  

1.1 The RAMP shall provide Object Relocation. 

 

1.1.1 The RAMP shall relocate objects that weigh less than 2 lbs 

 

1.1.2 The RAMP shall relocate objects that are less than 0.5m high 

  

1.1.3 The RAMP shall relocate objects that are less than 0.1m wide/long 

  

1.1.4 The RAMP shall relocate objects on the same level floor as the patient (i.e. no stairs) 

  

1.1.5 The RAMP shall relocate objects for a period of 2 hours without recharging the battery. 

  

1.1.6 The RAMP shall require a battery change in no less than 100 hours of operation. 

  

1.1.7 The RAMP shall relocate objects by grabbing the objects with gripper. 
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1.1.8 The RAMP shall be able to relocate up to 5 objects at the same time by hold objects from 

the gripper in a basket. 

  

1.1.9 The RAMP shall be navigated by the patient by controller both with Visual Line of Sight 

(VLOS) and Beyond Visual Line of Sight (BVLOS). 

  

1.1.10 The RAMP controller shall command the RAMP forward, backward, left,  right, and to 

turn in place (i.e. face a new direction anywhere on the compass). 

  

1.1.11 The RAMP shall stop short of (i.e. not collide) with any objects in its path or other 

obstacles (e.g. wall, furniture, ....) even if the operator commands a collision. 

  

1.1.12 The RAMP shall operate within 50 m of the operator without loss of control or operation 

of the vehicle. 

  

1.1.13 The RAMP position, direction and velocity shall be determined by operator inspection 

while the robot is in VLOS. The RAMP position, direction and velocity shall be determined by 

operator inspection of a display of real-time images (i.e. video) from  the gripper and from the 

front of the robot while the robot is  BVLOS. 

  

1.1.14 The RAMP shall not travel at a velocity in excess of 2 m/s. (This will ensure a maximum 

Kinetic Energy of less than 200 Joules) on all surfaces. 
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1.1.15 The RAMP shall travel in a straight line with less than 5 cm RMSE deviation from a 

center-line on all surfaces 

 

1.1.16 The RAMP shall stop within 5 cm RMSE of a stop line in front (or behind) the RAMP on 

all surfaces. 

  

1.1.17 The RAMP shall accelerate at no more than 5 m/sec 2 on all surfaces. 

  

1.1.18 The RAMP shall decelerate (i.e. brake) at no more than -5 m/sec2 on all surfaces. 

  

1.1.19 The RAMP shall weigh no more than 60 kg. 

  

1.1.20 The RAMP shall not tip over while turning or travelling. 

  

1.1.21 The RAMP shall not fail or malfunction in less than 1000 hours MTBF. 

6.1.2 Remote Voice Communication 

1.2.1 The RAMP shall provide two-way voice communication. 

1.2.2 The RAMP shall have a voice delay of no more than 2 seconds. 

1.2.3 The RAMP shall convey noise of at least 40 db. 

1.2.4 The RAMP voice transfer component shall have MTBF of over 1000 hours. 

1.2.5 The RAMP shall be able to provide voice communication within 50m of user. 

6.1.3 Remote Visual Inspection 
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1.3.1 The RAMP shall provide at least two live camera feeds to user. 

 

1.3.2 The RAMP shall provide live camera feed with a delay of less than 2 seconds. 

 

1.3.3 The RAMP shall be operable Beyond Visual Line of Sight (BVLOS). 

 

1.3.4 The RAMP shall have a video resolution of at least 720p. 

 

1.3.5 The RAMP shall show live feed on different operating systems PC/Mac/Linux. 

 

1.3.6 The RAMP shall camera system shall operate with a MTBF of over 1000 hours. 

 

1.3.7 The RAMP camera live feed shall be operating within 50m away from user. 

 

6.2 Mission Requirements to Functions  

 

Table 2 Mission requirements to functions summary 

Requirements Functions 
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1.1.1 The RAMP system shall pick up food weighs less 

than 450 grams and volume of 500 ml or less 

X X X X X X 

1.1.2 The RAMP system shall pick up mail that weighs 

less than 220 grams 

X X X X X X 

1.1.3 The RAMP system shall pick up shoes that 

weighs less than 1133 grams  

X X X X X X 

1.1.4 The RAMP system shall pick up newspaper that 

weighs less than 220 grams  

X X X X X X 

1.1.5 The RAMP system shall pick up smart phone that 

weighs less than 172 grams with dimensions 

145.3 mm x 75.1 mm or less   

X X X X X X 

1.1.6 The RAMP system shall pick up clothes that 

weighs less than 10 ounces with dimensions of 

45 cm x 80 cm or less  

X X X X X X 

1.1.7 The RAMP system shall pick up medication that 

weighs less than 10 ounces with a volume of 500 

ml or less  

X X X X X X 

1.2.1 The RAMP system shall convey to the user a dog 

barking within 10 seconds if it is within 5 meters 

of the dog 

X X  X   

1.2.2 The RAMP system shall convey to the user a 

doorbell ringing within 10 seconds if it is within 

X X  X   



 

22 

 

5 meters of the door bell      

1.2.3 The RAMP system shall convey to the user a 

door has opened within 10 seconds if it is within 

5 meters door 

X X  X   

1.2.4 The RAMP system shall convey to the user a 

stove top is still lit within 10 seconds if the 

system is within 5 meters of the stove top 

X X  X   

1.2.5 The RAMP system shall convey to the user of a 

garage opening within 10 seconds if it is within 5 

meters of the garage  

X X  X   

1.2.6 The RAMP system shall convey to the user a 

person's voice within 10 seconds if it is within 5 

meters of the person  

X X  X   

1.2.7 The RAMP system shall convey to the user a 

person's voice within 10 seconds if it is within 5 

meters of the person 

X X  X   

1.3.1 The RAMP system shall verbally communicate 

the user’s person's voice within 10 seconds  

X X  X   

1.3.2 The RAMP system shall be able to verbally 

communicate with the user’s family members 

within 10 seconds if they are within 5 meters of 

the system   

X X  X   
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1.3.3 The RAMP system shall be able to verbally 

communicate with the user’s pet within 10 

seconds if they are within 5 meters of the system  

X X  X   

1.3.4 The RAMP system shall be able to verbally 

communicate with the user’s neighbors within 10 

seconds if they are within 5 meters of the system  

X X  X   

1.3.5 The RAMP system shall be able to verbally 

communicate with the user’s friends within 10 

seconds if they are within 5 meters of the system  

X X  X   

1.3.6 The RAMP system shall be able to verbally 

communicate with the user’s mailman within 10 

seconds if they are within 5 meters of the 

system   

X X  X   

1.3.7 The RAMP system shall verbally communicate 

the user’s person's voice within 10 seconds  

X X  X   

 

Table 3 Mission requirements to functions summary 

Navigation 18/20 

Mobility 18/20 

Shift 7/20 
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Two-Way Communication 18/20 

Storage 7/20 

Object Retrieval 7/20 

       

Table 3 summarizes the number of number of times each function was used to satisfy each 

mission requirement. 

6.2.2 Functions to Components  

  

Table 4 Functions to Components 
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Table 4 summarizes the components used to build and fulfill the intended function. 

 

Figure 9 IDEF0 

This IDEF0 shows how the user interacts with our RAMP system. The user gives the 

directional commands to our system. Our robotic system will provide two camera views for the 

user so he/she can see what’s in front of the robot and can control it from a distance. There are 

two types of camera views available, an elevated 75-degree wide angle view from the top of the 

robot and a first person view from the perspective of the arm. Our RAMP system will also bring 

the object back to the user. 
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Figure 10 IDEF0 Subsystems 

Figure 10 shows the closer look into our RAMP system. As seen in the figure, we have 

six functions and this diagram shows the interactions between all of them. F.1 Provide 

Navigation is function that deals with direction and navigation. F.2 Provide Mobility is the 

function that deals with movement and it has components of OMNI wheels, CIM Motors, and IR 

sensors and Speed Controllers. The next function is F.3 Provide Shifting which deals with the 
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movement of the arm and it has the components of Leadscrew that provide structural support. 

The other component is the Lead Screw Motor which actually moves the arm up and down. The 

next function is F.4 Provide Two Way Communication which deals with the camera angles that 

are provided to the user and performed by the Pixy camera and the Web camera. The next 

function is F.5 Provide Storage which is the basket that stores and saves the objects for later 

retrieval.  The last function is F.6 Object Retrieval which deals with movement of the object and 

its done by the robotic arm. 

 

 Figure 11Electronic configuration 

 

  Figure 11 depicts the electronic configuration of the RAMP system. Starting at the top 

left of the diagram with the battery it powers the IR sensors, camera, and microcontroller. The 
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camera with the help of a video transmitter sends a video signal to a video receiver on a laptop 

with a computer screen. The user uses the live video feed with the XBOX wireless controller to 

command the robot. The microcontroller with the help of IR sensors allow for the user to 

navigate through terrain without colliding with any objects. The RAMP system has two options: 

to avoid objects if they are in the path way or continue along its path. The RAMP system will be 

controlled using pulse width modulation (PWM), a technique for getting analog results with 

digital means. Digital control is used to create a square wave, a signal switched between on and 

off. PWM sends signals the CIM motors, servo, and lead screw motor. The CIM motors attached 

to the OMNI wheels that allow for the RAMP system to move. The lead screw motor and lead 

screw allow for the RAMP system to vertically reposition its arm according to the users 

command. Lastly the PWM powers the servo attached the robotic arm.  

6.3 Design Requirements / Test Plan 

6.3.1 Navigation Function Design Requirements & Test Plan 

  

Table 5 Navigation Design Requirements 

Number Requirement 

D.1 The navigation function shall have a 90% success rate  

D.1.1 The navigation function shall have a laptop displaying a live feed from 

the camera 

D.1.2 The navigation function shall have a wireless 360 controller 

communicating via wireless connection indicated by a blue light on 
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the receiver when connected 

  

For the Navigation Function Test Plan showed in Table 5, the conditions and expectation are as 

follow; 

Precondition:  

RAMP system is powered on by turning on the switch. Flashing lights from the microcontroller 

indicates the system has power. 

Primary Condition: 

D.1.1 User views the laptop display and verifies if the Logitech and pixy camera are 

broadcasting images representative of the cameras direction. 

D.1.2 User verifies that both the wireless controller and wireless receiver are powered indicated 

by flashing lights.  

Exception/Test Plan Failure: 

D.1.1 Laptop fails to broadcast the cameras images. 

D.1.2 The wireless controller does not communicate to the microcontroller resulting in a lack of 

movement by the RAMP system.   

6.3.2 Mobility Function Design Requirements & Test Plan 

  

Table 6 Mobility Design Requirements 

Number Requirement 

D.2 The mobility function shall have a 90% success rate 
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D.2.1 The mobility function shall have a drive train comprised of victor 

speed controllers, CIM motors, and OMNI wheels that will allow for 

movement in any direction 

D.2.2 The mobility function shall have the drive train move within a range of 

1-2 m/s 

D.2.3 The mobility function shall have infrared sensors for object avoidance 

indicated by a red light and shall not collide with 90% of all objects in 

its path 

  

For the Mobility Design Requirements showed in Table 6, the conditions and expectation are as 

follow; 

Precondition:  

RAMP system is powered on by turning on the switch completing the circuit. Flashing lights 

from the microcontroller indicates power. 

Primary Condition: 

D.2.1 User uses the joysticks on the Xbox 360 controller: 

1.) North – Shift left analog toggle in the π/2 direction 

2.) South – Shift left analog toggle in the 3π/2 direction 

3.) West – Shift left analog toggle in the π direction 

4.) East – Shift left analog toggle in the 2π direction 

5.) North East – Shift analog toggle in the π/4 direction 

6.) North West – Shift analog toggle in the 3π/4 direction 
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7.) South West – Shift analog toggle in the 5π/4 direction 

8.) South East – Shift analog toggle in the 7π/4 direction 

  

  

  

  

  

  

  

  

 Figure 12 Wheel Directions  

(Credit to blog.elliotjb.com) 

  

D.2.2 User commands the RAMP system. Using a speed radar gun, verify the speed of the 

RAMP system does not exceed 2m/s 

D.2.3 User commands the RAMP system and counts the amount of collisions occur within each 

task.  

Exception/Test Plan Failure: 

D.2.1 RAMP system fails to move in all the directions specified above 

D.2.2 – RAMP system moves faster or slower than the specified speed 

D.2.3 – RAMP system collides with more than 90% of the objects it interacts with during a task 
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6.3.3 Two-Way Communication Function Design Requirements & Test Plan 

 

Table 7 Two-Way Communication Design Requirements 

Number Requirement 

D.3 The two-way communication function shall have a 90% success rate 

D.3.1 The two way communication function shall have a pixy camera 

displaying a wide view of 75° horizontal and 47° vertical in front of 

the RAMP system  

  

D.3.2 The way-way communication function shall have a Logitech camera 

attached to the robotic arm displaying a 60° horizontal view in front of 

the RAMP system 

  

 For the Two-way Communication Plan Requirements showed in Table 7, the conditions 

and expectation are as follow; 

Precondition:  

RAMP system is powered on by turning on the switch completing the circuit. Flashing lights 

from the microcontroller indicates power. 

Primary Condition: 

D.3.1 User verifies that the pixy camera is displaying a wide view of 75° horizontal and 47° 

vertical in front of the RAMP system using the laptop 
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D.3.2  User verifies that the Logitech camera attached to the robotic arm displaying a 60° 

horizontal view in front of the RAMP system using the laptop 

Exception/Test Plan Failure:  

D.3.1 Pixy camera fails to or partially displays the entire wide angle view in front of the RAMP 

system 

D.3.2 Logitech camera fails to or partially display in front of the RAMP system 

6.3.4 Shift Function Design Requirements & Test Plan 

 

Table 8 Shift Design Requirements 

Number Requirement 

D.4 The shift function shall have a 90% success rate 

D.4.1 The shift function shall have a lead screw motor attached to a lead 

screw that allows for 3 feet of vertical movement from the origin 

D.4.2 The shift function shall have the lead screw motor rotate no more than 

x rotations per minute 

  

 For the Shift Function Requirements showed in Table 8, the conditions and expectation 

are as follow; Shift function test plan 

Precondition: 

RAMP system is powered on by turning on the switch completing the circuit. Flashing lights 

from the microcontroller indicates power. 
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Primary Condition: 

D.4.1 User verifies using a tape measure that the lead screw attached to the lead screw motor 

allows for 3 feet of vertical movement from the origin 

D.4.2 User verifies that the lead screw motor does not rotate more than x rotations per minute 

using a digital photo sensor tachometer  

Exception/Test Plan Failure: 

D.4.1 The lead screw does not allow for 3 feet of vertical movement from the origin 

D.4.2 The lead screw motor rotates faster and/or slower than x rotations per minute   

 

 

 

6.3.5 Storage 

Table 9 Storage Design Requirements 

Number Requirement 

D.5 The storage function shall have a 90% success rate 

D.5.1 The storage function shall have a basket for users to place objects with 

dimensions no greater than H x W x L 

D.5.2 The storage function shall have a basket for users to place objects that 

do not weigh more than x grams  

  

Precondition:  
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RAMP system is powered on by turning on the switch completing the circuit. Flashing lights 

from the microcontroller indicates power. 

Primary Condition: 

D.5.1 User verifies that the basket can carry objects of H x W x L by placing an object of that 

specification into the basket 

D.5.2 User verifies that the basket can carry x grams by placing weights of that amount into the 

basket 

Exception/Test Plan Failure: 

D.5.1 Storage basket fails to carry objects of that dimension 

D.5.2 Storage basket fails to carry objects of that weight   

 

6.3.6 Object Retrieval 

 

Table 10 Object retrieval Design Requirements 

Number Requirement 

D.6 The object retrieval function shall have a 90% success rate 

D.6.1 The object retrieval function shall allow the user navigate the RAMP 

system back to the original starting position and retrieve the object 

with a success rate of 90% 

  

For object retrieval function test plan, conditions and expectations are as follow; 

Precondition:  
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RAMP system is powered on by turning on the switch completing the circuit. Flashing lights 

from the microcontroller indicates power. 

Primary Condition: 

D.6.1 Piloting the RAMP system, the user navigates the RAMP system back to the original 

starting position and retrieves the object 

Exception/Test Plan Failure: 

D.6.1 User verifies that the object was picked up by the RAMP system but fails to return back to 

the user 

  

7.      Design of Prototype 

7.1  Interface Control Analysis 

  

Table 11 Interface Control Analysis 

Category Weight of 

Importance 

Wireless 

Controller 

Glove Control Voice Control 

  

Difficulty of 

Learning 

0.4 7 3 8 

Multi-

Directional 

Control 

0.4 10 10 3 
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User 

Involvement 

0.2 2 3 8 

Score 1 7.2 5.8 6 

  

 The table above shows the different criteria we compared to make our choice for the 

interface. With 10 being the most favorable option. The difficulty of learning 10 being very easy 

to learn. Multi-Directional control with 10 being user has total control of the robot. User 

involvement with 10 being the case where the user is required to provide the least amount of 

input to move the robot from point a to b. 

7.2  Hardware Material Analysis 

  

Table 12 Materials Analysis 

Category Weight of 

Importance 

Soft Wood Plastic Aluminum 

Sheets 

Steel 

Cost 0.4 7 8 6 2 

Material 

Weight 

0.3 8 7 6 3 

Density 0.3 2 3 8 8 

Score 1 5.8 6.2 6.6 4.1 
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 The table above shows the alternatives for the material of our robot. For cost 10 being a 

cheap material. Second for weight 10 being very light. Finally, for Density 10 being the densest. 

7.3  Elevation Component Analysis 

 For elevation component, we compared a lead screw, a ball screw, and an 80/20 

Aluminum. We wanted something which inexpensive and has a high load capacity. 80/20 

Aluminum is the cheapest among the three alternatives and has a high load capacity. However, it 

creates friction during operation and it is not suited to be used as an elevation components. So, 

we chose between a lead screw and a ball screw. We decided to choose a lead screw because it is 

comparatively cheap and has a variety of range of leads and diameter, long lasting and smoother 

application due to the self-lubricated system, and it has almost no audible noise and move back 

and forward easily unlike a ball screw. Details of each design alternatives can be seen in Table 

14 and a linear scale (0 as the worst and 5 as the best) is used to measure the value of some 

features. 

Table 13 Elevation Components Analysis 

Features Lead Screw Ball Screw 80/20 Aluminum 

 Cost $70 $200 $30 

Material Steel Steel Aluminum 

Weight 0.6lb 0.5lb 5.5lb 

Noise 5 4 0 

Friction 5 4 0 
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Load Capacity 3 5 3 

Self-lubrication YES NO NO 

 

 

7.4  Wheel Analysis 

 For elevation component, we compared Dura Omni wheels, Mecanum wheels and, and 

Pneumatic wheels. We decided to go with Dura Omni wheels because they are light-weighted, 

cost-effective, high load capacity, less complexity in coding. Details of each design alternatives 

can be seen in Table X and a linear scale (0 as the worst and 5 as the best) is used to measure the 

value of some features. 

Table 14 Wheels Analysis                   

Specification Dura Omni Wheel Pneumatic Wheel Mecanum Wheel 

Cost per Unit $35 $37 $69 

Weight 0.99lb 1.13lb 1.3lb 

Load Capacity 120lb 120lb 80lb 

Frame Material Black Polycarbonate Black Polycarbonate Steel 

Roller Material Nylon Rubber SBR Rubber 
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8.      Engineering Laws 

Following equations are used to calculate forces, speeds, weights, and torques required for 

different parts of robot movements. 

8.1 Robot Arm 

T = F * r * sin (θ) 

T = torque (N-mm) 

F = linear force (N) 

r = distance where the force is applied (mm) 

θ = the angle between F and r 

8.2  Elevation Component 

Torque (N-mm) = [F * L] / [2*π*efficiency] 

L = Lead of screw in meters (mm) 

F = Force to rotate thread (Torque /Mean Radius) (N) 

EFFICIENCY = 0.9 for leadscrew (no unit) 
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 Figure 13 Leadscrew 

 

8.3  Optimal Speed Calculation 

 To ensure the safety of users, we set the kinetic energy of RAMP to be less than 220J 

which is strong enough to kill a person at impact. Through this set value, we calculated the 

optimal speed. First, we calculated the safe speed for the RAMP when it is not carrying anything 

and when it is carrying max capacity, the results are 4.8 m/s and 1.4 m/s. From the result, we 

concluded that if RAMP’s speed is around 1m/s, the chance of casualty at very low. So, we 

decided to set RAMP’s speed to 1 m/s. The following calculations explain in details on how the 

weight of RAMP with or without loads, and how the optimal speed is calculated.  

8.3.1        Weight Calculation 

 Table 15 Weight Calculation 

Name Weight (kg) 

12V Battery 5.86 

1/16’’ Aluminum 

Sheet 

6.8 

Dura Omni 

Wheel x 4 

2 

80/20 Bar 2.2 
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Other electrical 

components 

2 

Total weight 18.86 

Max load 

capacity 

217.724 

  

Table 15 shows the calculation of maximun load capacity for  RAMP. 

8.3.2       Velocity Calculation 

KE = (½)*m*v2 

KE = kinetic energy 

m = mass 

v = velocity 

KE << 220 Nm 

(½)mv2  << 220 Nm 

(½) * 18.86 * v2 << 220 

v << 4.83 m/s (Velocity needed when RAMP is not carrying load) 

KE << 220 Nm 

(½)mv2  <<  220 Nm 

(½) * 217.7 * v2 << 220 

v << 1.42 m/s (Velocity needed when RAMP is carrying max load) 
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9. Construction of Prototype 

9.1 Mechanical Design 

After we analyzed the requirements and engineering equations, we proceed with building 

the prototype. First, we did a simulation model in AutoCad to test if our design is feasible. Our 

prototype’s height is 1.4 meter and width is 0.7 meter and it weighs 19 kg. We designed the 

prototype robust and heavy to make it strong enough to open doors and to minimize the risk of 

tilting over while carrying objects.  For the base of the robot, we wanted to make it as small as 

we could while keeping the prototype balanced on multiple surfaces. For the  base design 

alternatives we considered were square, circular, triangular, and octagonal shapes. We eliminated 

square and circular shape because they took up a lot of space in order for them to be compatible 

with our wheels and motors design. Between triangle and octangle shapes, we concluded that an 

octagonal shaped base can overcome uneven surface better than the triangular shape and keep the 

prototypes balanced better. We decided to make the base octagonal shaped. For the frame and 

cover of the robot, we used ⅛ inches aluminum sheets and T-Slotted Aluminum bars which are 

the products 80/20 Inc. For the wheels, we used Omni Wheels and motor sets from AndyMark 

and installed 8 IR sensors on each edge of the octagonal base.  For the robot arm, we used VEX 

claw and VEX motor sets which are attached to an aluminum bar. The claw we used is strong 

enough to hold a soda can and dexterous enough to pick up a feather. We used a lead screw for 

the up and down movements of the robot arms. We installed two cameras. Pixy camera is 

installed on the top of the robot and Logitech camera on the robot arm. Pixy camera gives a wide 

view which makes the navigation easy for the user and Logitech camera gives first person view 
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and helps grabbing objects easier. The details of the AutoCAD model can be seen in the figure 

14.  

Figure 15 shows mechanical components used in each RAMP function. The blue parts of 

the RAMP operate linear mobility function. The yellow parts handle the vertical mobility 

function; the red parts for grabbing motion; and the maroon parts for two-ways communication, 

respectively. 
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Figure 14 RAMP Prototype 

 

Figure 15 Functions of RAMP 

 

9.2 Functional Design 
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Figure 16 Functional Components Diagram 

 After testing the feasibility of the robot design in AutoCad simulation, we started 

working on the hardware and electrical parts of the robot. Figure 16 depicts how each component 

builds each function of the overall RAMP system. Navigation is comprised of a laptop and Xbox 

360 controller which is connected a receiver. All the information from the navigation function is 

then broadcasted into the Microcontroller, Raspberry Pi. The microcontroller then broadcasts to 

the mobility and two-way communication function. For the mobility function, it is comprised of 

a speed controller, CIM motors, IR sensors and Omni wheels. Two-way communication is 

comprised of a pixy camera and Logitech camera. In conjunction with the two-way 

communication function is the shift function which is comprised of the robotic arm made of the 
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servos, claw, and the lead screw which is attached to the leadscrew motor. The last function is 

the storage function which is comprised of the storage basket and objects of retrieval along with 

object retrieval. The entire system is powered by a battery shown in the center of the diagram.  

9. 3 Electrical Components Set Up  

 

 

Figure 17 Circuit Diagram 

 

The electrical design is illustrated in Figure 17. The linear mobility function is composed of 

Omni wheels, CIM motors, gearbox, and motor controllers which are connected to the power 

distribution panel (PDP) and PWM driver. The two-ways communication function is made of 
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two cameras which are connected to the voltage regulating module and raspberry pi. The vertical 

mobility function included a lead screw nut, lead screw, coupler, and leadscrew motor which is 

connected to the PWM driver and PDP. The object retrieval function is composed of VEW claw, 

VEX servo which is connected to PWM driver and PDP. Both PDP and VRM are connected to 

the battery and they disturb 12V and 5V respectively.  PWM driver is connected to the raspberry 

pi and control the motor speed using PWM signals. The whole system can be controlled by 

Xbox controller using wireless sign. Figure 18 shows the electronic components set up in more 

details. 

 

Figure 18 Electrical Components Diagram 

 

9.4 Programming 

Figures 19 and 20 show the codes for the linear motion and controller. First, we set up 

four CIM motors on General-purpose input/output (GPIO) pin numbers 23, 24, 17, and 12. The 

“rest” constant is set at 47.8 duty cycle. The wheels will go backward if the duty cycle is less 
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than 47.8 and go forward if the duty cycle is greater than 47.8. The constants “safe-sleep” and 

“limit” are set to have the controller’s joysticks easier to use and less sensitive. The GPIO 

controls the motor speeds using PWM (Pulse Width Modulation) signals. In case of a signal loss 

between the controller and the robot, the robot is programmed to stop the operation if the 

communication link is lost.  

  

Figure 19 Programming 1 
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Figure 20 Programming 2 

 

 

10. Testing Plan 

 

Test Item Description Test Case Objective 

1.0 Drivetrain 1.1 Linear Tests 

1.2 Surface Tests 

Verify that the robot is 

able to move in 

different directions and 

surfaces with 

deviations < .05 m from 

the current path 
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2.0 Camera 2.1 Field of view Tests 

2.2 Delay Tests 

2.3 Quality assurance Tests 

Verify that the camera 

is working as intended 

with delays no longer 

than 5 seconds 

3.0 Robotic Arm 3.1 Max weight capacity  of arm 

Tests 

3.2 Grip strength Tests 

3.3 Vertical arm movement 

speed Tests 

Verify that robotic arm 

is able to carry  the 

various objects that 

patients need in the 

home environment 

4.0 Overall System 4.1 Task accomplishment  

4.2 obstacle avoidance 

 

 

Verify that the system is 

able to meet the mission 

requirements.  

 

 The testing plan is split into four sub divisions to test each function of the RAMP system. 

For the Drivetrain tests, there will be a linear test on multiple surfaces to verify that the robot is 

able to move in different directions and surfaces with deviations < .05 m from the current path. 

There will be three different surfaces we plan to test the drivetrain on based on the commonly 

found surfaces in an in-home setting which include carpet, wood, and tile.  

 For the navigation and linear motion function the testing of the camera will be crucial. 

There will be three tests for the camera, field of view tests, delay tests, and quality assurance 

tests. The field of view tests will ensure that the ramp systems field of view is competent enough 
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to fulfill the user’s needs whether it is object relocation, two way communication, or visual 

inspection. Delay tests will ensure that the lag time response the camera will not be substantial 

enough that it hinders the user. Lastly, quality assurance tests will ensure that the images sent 

from the camera to the laptop are of the highest possible quality to ensure that user can properly 

interact with foreign objects while using the ramp system.  

 Boxes indicated in blue are components that are testable and white are components that 

currently are not. The grabbing motion function connected with the robotic arm is responsible for 

the object retrieval and storage function. Once completed there are three tests, 1.) max weight 

capacity to determine the max weight the RAMP system can handle, 2.) grip strength test to 

determine the max dimensions the RAMP system can handle, 3.) vertical movement on the lead 

screw to allow for an array of grabbing items at different heights. Once the system is complete, 

the RAMP system will be available for field testing which is a combination of all the system’s 

functions.   

 

10.1 Drivetrain Design Changes 
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Figure 21 Design Changes 

Yellow Ring - Removal of the metal plates in between omni wheels 

Through the system testing phase the RAMP system underwent a series of system design 

changes. The picture to the left indicates the before picture and the right one to the right indicates 

after the change. In the yellow circle, picture to the left, you notice that the omni wheels are 

sandwiched between two aluminum plates. Initially, the designers believed this would be a great 

idea as two plates in between the gear boxes and wheels allowed for greater stability of the 

wheels driven at high speeds. Although it did allow for greater stability, an unforeseen side effect 

was the wheels grinding against the metal plates causing the RAMP system to ineffectively move 

in a linear path. Once the sandwiching of the wheels was removed the RAMP system performed 

notably better passing mission requirements 1.1 and 1.2.   

Green Ring - Removal of IR sensors 

As a result of the removal of the sandwiched metal plates there was not enough clearance 

on every side of the RAMP system to incorporate IR sensors. Therefore, the design team decided 

to remove the IR sensors and incorporate it at a later time. The incorporation of two cameras 

should be sufficient enough to ensure that the RAMP system does not collide with any 

unforeseen objects. See figure 21. 
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Figure 22 Power Source Changes 

Green Circle - 12V Battery  

Yellow Circle - Addition of a 6000 mAH battery pack 

Through more system testing of the drivetrain the design team decided to change the 

power design. Initially, before the change, the design team would use a combination of a 12 Volt 

battery and voltage regulator module (VRM) to power the entire RAMP system. However, after 

hours of testing, we found that the VRM could not consistently regulate the voltage to keep the 

more sensitive components like the microcontroller from overheating. Therefore, indicated by 

the yellow circle, the design team has a portable battery pack to power a more sensitive 

components but also keeping the 12 volt battery to power more voltage demanding components 

such as the lead screw and motors. See figure 22. 

10.2 Linear Test 
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Figure 23 Linear Test 

Figure 23 shows the linear test process. The user shall be standing directly behind the RAMP 

system. The user will direct the RAMP system forward and we shall record the sideway 

deviations from the middle. 

 Linear motion test and its objective is to verify that the drivetrain can move in all 8 directions 

and to ensure that the drivetrain is flexible and robust enough to handle a variety of different 

commands. Equipment used in this test are the drivetrain, an Xbox 360 controller, and a laptop. 

Different testing methods used in Test 1 are shown in Table 15. 

Table 16 Test 1 (Drivetrain linear range of motion test) 

Method 

1 Mark the origin of the test using masking tape with an X. Ensure that the marking is 

big enough for a person standing 5 meters can see. 

2 From the origin, using a tape measure, measure a vertical line of length X. Ensure 
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this vertical line is perpendicular to the origin. This will be known as the center 

line. (Repeat for 5, 10, 15 meters) 

Measure two additional vertical lines parallel to the centerline of the same length 

but .35 meters apart from the center line. These will be known as the sidelines.   

3 At the end of the center line mark with a triangle to indicate the end of the route. 

Ensure that the marking is big enough for a person standing 5 meters can see. The 

base of the triangle faces the centerline 

4 Mark the front and tail of the RAMP system using masking tape. Person A shall 

stand adjacent to the direction in which is being tested. Example, if the north 

direction is tested, person A shall stand either in the east or west direction facing 

the RAMP system with full visibility of the 2 side lines. 

5 The RAMP system shall be placed at the origin marked with the X. Ensure that the 

RAMP system is fully in between the two sidelines. 

6 Using the Xbox controller, person B shall pilot the RAMP system north by shifting 

the left analog toggle in the π/2 

 direction until he/she concludes that the RAMP system has successfully driven 

 past the ending mark (triangle) then proceeds to stop immediately. 

7 Person A shall record deviations the RAMP system had from its intended path by 

observing the two sidelines. 

8 Person A shall also record the distance between the triangle base and tail of the 



 

57 

 

RAMP system 

9 Repeat this test procedure for different distances and directions. 

10 The user uses the joysticks on the Xbox 360 controller: 

1.) North – Shift left analog toggle in the π/2 direction 

2.) South – Shift left analog toggle in the 3π/2 direction 

3.) West – Shift left analog toggle in the π direction 

4.) East – Shift left analog toggle in the 2π direction 

5.) North – East – Shift analog toggle in the π/4 direction 

6.) North – West – Shift analog toggle in the 3π/4 direction 

7.) South – West – Shift analog toggle in the 5π/4 direction 

8.) South – East – Shift analog toggle in the 7π/4 direction 
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Figure 24 Linear Test on Different Surfaces 

 Figure 24 shows the linear motion test on different surfaces. Its objective is to determine 

if different floors (tile, wood, carpet) effect the RAMP system’s range of motion and to ensure 

that the RAMP system will be robust enough to handle different surfaces within a home setting. 

Equipment used in this test are the drivetrain, an Xbox 360 controller, and a laptop. Different 

testing methods used in Test 2 are shown in Table 17.  

Table 17 TEST 2 (DRIVE TRAIN LINEAR RANGE OF MOTION ON DIFFERENT SURFACES) 

Method 

1 On a wooden floor, mark the origin of the test using masking tape with an X. Ensure that the 

marking is big enough for a person standing 5 meters can see. 

2 From the origin, using a tape measure, measure a vertical line of length X. Ensure this vertical 

line is perpendicular to the origin. This will be known as the centerline. 

Measure two additional vertical lines parallel to the centerline of the same length but .35 

meters apart from the center line. These will be known as the sidelines.   

3 At the end of the center line mark with a triangle to indicate the end of the route. Ensure that 

the marking is big enough for a person standing 5 meters can see. The base of the triangle 

faces the center line 

4 Mark the front and tail of the RAMP system using masking tape. Person A shall stand 

adjacent to the direction in which is being tested. Example, if the north direction is tested, 

person A shall stand either in the east or west direction facing the RAMP system with full 
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visibility of the 2 sidelines. 

5 The RAMP system shall be placed at the origin marked with the X. Ensure that the RAMP 

system is fully in between the two sidelines. 

6 Using the Xbox controller, person B shall pilot the RAMP system north by shifting the left 

analog toggle in the π/2 direction until he/she concludes that the RAMP system has 

successfully driven past the ending mark (triangle) then proceeds to stop immediately. 

7 Person A shall record deviations the RAMP system had from its intended path by observing 

the two sidelines. 

8 Person A shall also record the distance between the triangle base and tail of the RAMP system 

9 Repeat this test procedure for tile and carpet surfaces. 
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Figure 25 Distance Away from Center (Linear Test on Tile) 

 

Figure 26 Deviation from Center (Linear Test on Tile) 

 

 

 

 

 

Table 18 Linear Test on Tile Results  
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Figure 27 Distance Away from Center (Linear Test on Wood) 

 

Figure 28 Deviation from Center (Linear Test on Wood) 
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Table 19 Linear Test on Wood Results 
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Figure 29 Distance Away from Center (Linear Test on Carpet) 

 

Figure 30 Deviation from Center (Linear Test on Carpet) 
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Table 20 Linear Test on Carpet Results 

 

 

 

Figure 31 Distance Away from Center (Linear Test on Multi-Surface) 
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Figure 32 Deviation from Center (Linear Test on Mutil-Surfaces) 
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9.      Risk Assessment 

  

   Safety is the major concern as RAMP is an autonomous system which will have physical 

interaction with a human. Identifying safety hazards in autonomous systems is hard since we 

have to factor in physical contact with the human and unstructured environment, and dynamics 

cannot be represented with automata unlike in traditional safety analysis approach. The risk 

analysis is broken down into three phases; safety hazard identification, safety risk assessment, 

and safety risk mitigation. The severity and the likelihood of risks are measured in exponential 

scale. 

9.1  Risk Identification 

  

            In this phase, we identify active operational system hazards which may or may not occur 

during the operation.  We also consider project risks which may delay the deadline.  Active 

hazards are usually associated with front-end personnel such as patients and tech teams. They are 

systems error and violations which are viewed as unsafe and have an immediate effect. We 

identify hazards using different methodologies; reactive, productive, predictive. We collect data 

from past events and outcomes associated with the use of systems similar to ours, then analyze 

hazards which caused the events such as accidents. We also gather data from a real-time incident 

during system operation and predict potential hazards and initiate risk mitigation. 

 

9.2  Risk Assessment 
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 We measure the predicted likelihood and severity of the identified product and project 

risks. All possible scenarios are factored in. Risk likelihood is rated from 1 to 5. 1 as no error 

(perfect system) and 55 as prone to error. Severity value ranged from 1 to 403. 403 as fatal and 1 

as no physical or property damage (just inconvenience). 

Table 21 Risk Likelihood 

Likelihood Description Value 

(Exponential Scale: Best - 

Worst) 

Frequent one or more times during every 

operation 

55 

Occasional once a week (after daily usage) 20 

Remote once a month (after daily usage) 7 

Improbable once every year (after daily usage) 3 

Perfect None (after daily usage) 1 

  

 

Table 22 Risk Severity 

Severity Type of Injury Value 

(Exponential Scale: Best - 

Worst) 
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Fatal Death to patient; Robot destroyed 403 

Critical Permanent injury to patient 148 

Serious Injury to patient and major property 

damage leads to loss of confidence in 

the system 

55 

Major Minor/ temporary injury to patient 20 

Minor No injury to patient; minor damage to 

property 

7 

Negligibl

e 

No injury to patient and no property 

damage; Inconvenient 

3 

None No injury to patient and no property 

damage 

1 

  

 

9.3  Risk Mitigation 

  

 We came up with solutions to reach acceptable states. It is basically reducing risk level 

and its frequency. The following table displays product related risks identification, risk 

assessment, and mitigation. 
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Table 23 Hazard Identification, Risk Assessment, and Mitigation 

ID Hazard Severi

ty 

Likeliho

od 

Risk 

Priority 

Number(S

*L) 

Solution 

HZ1 Collision between 

RAMP (or RAMP 

parts) and the 

patient 

20 7 140 Install backup 

ultrasonic sensor 

HZ2 RAMP falling on 

patient due to loss 

of balance 

20 20 400 Program RAMP 

to move NOT 

faster than 1 m/s 

and build robot 

with 

strong/heavy 

base (2.5 

lb/1.3kg)  to 

prevent it from 

tilting while 

grabbing objects 

HZ3 RAMP running 20 3 60 Program RAMP 
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over patient’s foot 

  

to stay  5 inches 

away from the 

patient 

HZ4 RAMP shutting 

down during 

operation 

  

 3 3 9 Change battery 

HZ5 Patient fatigue from 

watching/controllin

g RAMP’s 

movement from 

screen 

  

20 3 60 Prevent camera 

from shaking 

during operation 

HZ6 Injury of people 

caused by RAMP’s 

arm movement 

  

20 3 60 Program RAMP 

to move its arm 

slowly and install 

cameras to see 

360 degree 

  

HZ7 

Fatal injury of 

patient/people 

caused by RAMP 

403 1 403 Program RAMP 

to move NOT 

faster than 1 m/s 
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movement 

  

  

  

HZ8 

Injury of people 

caused by RAMP’s 

opening door 

  

20 7 140 Automatic voice 

warning saying 

“opening door” 

twice before 

pushing the door 

HZ9 RAMP’s grip 

breaking object 

20 3 60 Program to 

provide various 

grip (soft grip, 

medium grip, 

hard grip) 

HZ1

0 

Clothes or object 

being caught in 

RAMP 

  

20 3 60 Program RAMP 

to stay 0.5m 

away from the 

patient and 

objects in default 

mode 

HZ1

1 

Lead Screw 

Breaking During 

Operation 

7 3 21 Program RAMP 

to stop the 

operation 
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 10.  Project Plan 

10.1          Work Breakdown Structure 

Figure 33 WBS. 

 The Work Breakdown Structure is broken down into seven categories. The first category 

is the Analysis which is where we figured out what our problem was and analyzed the situation 

to figure out a win-win situation for our problem.                                                                                                                         
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The second breakdown 2.0 Management is where we are gathering all the information that we 

have learned on our problem and used to be able to make a project plan which included the 

Statement of work, WBS, Milestones. After doing the project plan we are able to identify the 

major risks that affect our project and following that produce a budget to reflect on our schedule. 

 The third breakdown 3.0 is Research. Robotic research is done throughout the project life 

cycle but in this phase, our group mostly emphasize the focus on current robotics and as a result, 

we are able to explore and use that knowledge to make our prototype. 

 The fourth breakdown 4.0 which is Requirements. In this phase, our group looks at the 

general project and along with the research from the previous phase we provide Mission, Design 

and Functional requirements for our project. 

Fifth breakdown  5.0 which is the Documentation phase in which we documented our time 

sheets, Accomplishments summaries,  presented our briefings which composed of class briefings 

1 to 4 along with our faculty presentation on November 18th, and to finish up we provided our 

initial and final reports and finally construct our conference paper along with the presentation. 

 The Sixth breakdown is 6.0 Prototype which involved producing the software and the 

hardware for our robot. The Seventh and last breakdown is 7.0 Testing which is where our group 

tests the hardware and software of the prototype. 

10.2          Milestone 

  

Table 24 Milestones 

Task Date Completed 
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Background Research 8/29/16 

Problem Statement/Need Statement 09/05/16 

Briefing #1 09/19/16 

Briefing #2 10/03/16 

Simulation 10/14/16 

Briefing #3 10/24/16 

Briefing #4 11/07/16 

Faculty Presentations 11/18/16 

Final Deliverable 12/07/16 

10.3          Resources 

Systems Engineering Team: Alex, Pwint, Karar, Hanan. 

10.4          Schedule 

The estimated duration time of the project is 178 days starting in August and remain until April. 

10.5          Critical Path 

Based on our schedule our critical path involves doing the requirements, documentation, and 

testing on time. Testing includes validation and verification and it will be held next semester. 
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Figure 34 Schedule10.6          Budget 

  

 The project budget was breakdown into weekly basis. To find planned value of the 

project, each of us researched and estimated how many hours we needed to spend to accomplish 

a specific task if we were to work individually, then we added those hours together and divided it 

by 4 to get the mean value.  Then we multiply the result with the hourly labor cost. 
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 Our team consists of four members and labor cost for each team member will be $35 per 

hour. The average starting salary for a Systems Engineering is between $64,000 and $81,000. 

(Salary 2016). The labor cost for the whole project is estimated to be $103,005. We used 

multiplier 2 to calculate overhead cost which is $206,010. 

The following table shows our planned values for each task and overall project. 

Table 25 Budget 

Task Hour Spent 

Per Month 

Duration 

Month 

Number of 

People 

Labor 

Management 24 8 4 $     6,720.00 

Research 80 2 4 $     5,600.00 

Problem Statement 40 1 1 $     1,400.00 

Need Statement 14 1 1 $         490.00 

Context Analysis 24 1 1 $         840.00 

Stakeholder Analysis 20 1 1 $         700.00 

Requirements 80 1 4 $     2,800.00 

CONOPS 36 1 4 $     1,260.00 

Design Alternatives 48 1 4 $     1,680.00 

Buy Plan/ Ordering 5 1 2 $         175.00 
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Parts 

Analysis 40 3 4 $     4,200.00 

Prototype 180 3 4 $   18,900.00 

Testing 160 6 4 $   33,600.00 

Presentation/ 

Deliverable 

preparation 

96 5 4 $   16,800.00 

Documentation 28 8 4 $     7,840.00 

      Total $ 103,005.00 

  

10.7          Earned Value Management 

 We calculated our actual cost by multiplying hours from the weekly time sheets with 

hour labor rate ($35/hr). Then we found the earned value by calculating the number of tasks we 

accomplished. After that, we calculated performance indices based on our PV, EV, and AC. The 

following table compares PV, EV, and AC from week 1 to 11. 

Table 26 PV, EV, and AC. 

Weeks 1 2 3 4 5 6 7 8 9 10 11 

Planned 269 241 241 291 2913 3300 3450 3440 3960 4200 500
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Value 

(PV) 

5 5 5 3 0 

Earned 

Value 

(EV) 

269

5 

241

5 

241

5 

291

3 

2622 3135 3312 3302 3920 4100 500

0 

Actual 

Cost 

(AC) 

253

8 

267

8 

281

8 

309

8 

3098 3133 3763 3465 4025 4250 501

0 

Cost 

Variance 

158 -

263 

-

403 

-

185 

-476 3 -451 -163 -105 -150 -10 

Schedule 

Variance 

(SV) 

269

5 

241

5 

241

5 

291

3 

2913 3300 3450 3440 3960 4200 500

0 

Cost 

Perform

ance 

Index 

(CPI) 

0.0

0 

0.0

0 

0.0

0 

0.0

0 

-

291.3

0 

-

165.0

0 

-

138.0

0 

-

137.6

0 

-

39.6

0 

-

100.0

0 

0.00 

Schedule 

Perform

1.0

6 

0.9

0 

0.8

6 

0.9

4 

0.85 1.00 0.88 0.95 0.97 0.96 1.00 
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ance 

Index 

(SPI) 

  

The following graph shows the project’s EV compared with AC and PV. 

 

Figure 35 Earned Value Managemen 

 The following graph shows the project’s cost performance index and schedule 

performance index. 
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Figure 36 Performance Indices 

10.8          Project Risk 

   

 The highest risk regarding the project is the delay/ stoppage of our project’s critical path. 

The following table will show the risks of the project and how can we solve/minimize them. 
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HZP
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Project 

members 
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t, poor 
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ete tasks 

2 2 4 Project 

members 
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getting 

sick/inju

red 

health share 

knowledge 

HZP

2 

Project 

members 

fail to 

complete 

tasks 

Not 

enough 

time, 

outside 

work 

Project 

is not 

complet

ed on 

time 

2 2 4 Frequent 

meeting 

and update 

HZP

3 

Products 

not 

delivere

d on 

time 

Supplier Delay 

on 

model 

building 

and 

testing 

1 1 1 Do not rely 

on one 

supplier 

HZP

4 

Transpor

t of 

testing 

Hard to 

take 

apart 

and 

reassem

ble 

RAMP 

System 

fails to 

work 

properly 

after 

taking 

apart for 

2 2 4 Make the 

model easy 

to 

disconnect 

and 

reconnect 
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transpor

t 
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T1 

Burnt 

skin 

  

Solderin

g 

Harm to 

people 

3 2 6 Wear 

protective 

clothes 

HZ

T2 

Fire Solderin

g 

Harm to 

people 

5 1 5 Solder on 

fire-proof 

or 

nonflamma

ble surface 

HZ

T3 

Irritated 

eye 

Solderin

g 

Harm to 

people 

3 2 6 Wear 

protective 

eye 

goggles 

HZ

T4 

Irritation 

and 

damage 

of 

mucous 

membra

nes and 

Solderin

g 

Harm to 

people 

3 2 6 Solder in 

well-

ventilated 

area 
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respirato

ry 

system 

 

11.  Business Case  

11.1 The product  

RAMP System which features: 

1. Object Relocation 

2. Two-way communication 

3. Visual Inspection 

11.2 business case for patients  

 The cost of purchasing RAMP system is $4,000. according to Sunrise Assisted Living the 

average nurse spends 6 hours per day average with an individual facing limited mobility. we 

estimated that our robotic system is capable of reducing a nurse shift by 2 hours with the daily 

tasks its able to perform. This 2 hour reduction of nurse hours would provide a $10,950 yearly 

savings. Taking into account the cost of our robotic system the patient would save $6,950 the 

first year of purchasing this robotic system. 

11.3 Operational Costs  

 The Total Operation Cost for RAMP is $485,000. See figure 27 and 28 for details.  
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Table 27 Non-Recurring Costs 

Non-Recurring Costs 

Consulting   $50,000 

Website  $5,000 

Total   $55,000 

 

 

Table 28 Recurring Cost 

Recurring Cost 

Marketing Employee  $50,000 

4 Managers/Engineers  $240,000 

Advertising  $25,000 

Robotic Lab Rent  $75,000 

Robotic Parts(per unit)  $700 

4 Part time employees  $40,000 

Total Recurring Cost  $430,000 + # of RAMP's 

Produced  
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11.4 Profit  

 

Figure 37 Optimistic and Pessimistic 

 

Figure 38 Number of RAMP Sold 

 

Table 29 Five Year Analysis on Optimistic and Pessimistic  

Years Expected Optimistic Pessimistic 
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1 60 75 45 

2 167 209 125 

3 204 255 153 

4 213 266 160 

5 215 269 161 

 

11.5 Business Analysis 

 Expected to break even in 17 months. At the end of the 5th year our expected gross profit 

is $629,500. In order to predict the number of RAMP needed to be produce, we implemented a 

production learning curve of 85% and based on the expected we were able to get the optimistic 

and pessimistic values. 

Figure 39 Business Analysis 

Year Cost Revenue Profit # Ramp’s 

Produced 

1  $527,000  $240,000.00  $(287,000) 60 

2  $546,900  $668,000.00  $121,100 167 
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3  $572,800  $816,000.00  $243,200 204 

4  $579,100  $852,000.00  $272,900 213 

5  $580,500  $860,000.00  $279,500 215 

 

Table 30 NPV and ROI 

NPV ROI 

-$265,741 -54% 

$103,824 22% 

$193,060 42% 

$200,590 47% 

$190,233 48% 
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Figure 40 Breakeven Time Duration 
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 Index 

self.ch = channel 

  c.PWM.set_pwm(self.ch, 0, ms15) 
  -    def set(self, value, debug = False): 

  +    def set(self, value, inverse = False, debug = False): 

           "Converts value from -1 to 1 to a pulse. 'Correct' widths: 1ms = full reverse, 1.5ms = stop, 2.0ms = full forward" 

           "Source: https://www.vexforum.com/index.php/15882-pwming-a-victor-sp/p1#p144589" 
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           # How controlling PWM works is that you have to set the pulse width 

 
@@ -36,7 +36,7 @@ def set(self, value, debug = False): 

    if debug: 

     print "Debugging: " + str(int(write)) 

    

  - if x == 1: 

  + if x > 0: 

            c.PWM.set_pwm(self.ch, 0, int(ms15 + write)) 

    else: 

     c.PWM.set_pwm(self.ch, 0, int(ms15 - write)) 

#ifndef PYGAME_H 

#define PYGAME_H 

 

/** This header file includes all the definitions for the 

 ** base pygame extensions. This header only requires 

 ** SDL and Python includes. The reason for functions 

 ** prototyped with #define's is to allow for maximum 

 ** python portability. It also uses python as the 

 ** runtime linker, which allows for late binding. For more 

 ** information on this style of development, read the Python 

 ** docs on this subject. 

 ** http://www.python.org/doc/current/ext/using-cobjects.html 

 ** 

 ** If using this to build your own derived extensions, 

 ** you'll see that the functions available here are mainly 

 ** used to help convert between python objects and SDL objects. 

 ** Since this library doesn't add a lot of functionality to 

 ** the SDL libarary, it doesn't need to offer a lot either. 

 ** 

 ** When initializing your extension module, you must manually 

 ** import the modules you want to use. (this is the part about 

 ** using python as the runtime linker). Each module has its 

 ** own import_xxx() routine. You need to perform this import 

 ** after you have initialized your own module, and before 

 ** you call any routines from that module. Since every module 

 ** in pygame does this, there are plenty of examples. 

 ** 

 ** The base module does include some useful conversion routines 

 ** that you are free to use in your own extension. 

 ** 
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 ** When making changes, it is very important to keep the 

 ** FIRSTSLOT and NUMSLOT constants up to date for each 

 ** section. Also be sure not to overlap any of the slots. 

 ** When you do make a mistake with this, it will result 

 ** is a dereferenced NULL pointer that is easier to diagnose 

 ** than it could be :] 

 **/ 

#if defined(HAVE_SNPRINTF)  /* defined in python.h (pyerrors.h) and SDL.h (SDL_config.h) */ 

#undef HAVE_SNPRINTF        /* remove GCC redefine warning */ 

#endif 

 

// This must be before all else 

#if defined(__SYMBIAN32__) && defined( OPENC ) 

#include <sys/types.h> 

 

#if defined(__WINS__) 

void* _alloca(size_t size); 

#  define alloca _alloca 

#endif 

 

#endif 

 

#include <Python.h> 

 

// No signal() 

#if defined(__SYMBIAN32__) && defined(HAVE_SIGNAL_H) 

#undef HAVE_SIGNAL_H 

#endif 

 

#if defined(HAVE_SNPRINTF) 

#undef HAVE_SNPRINTF 

#endif 

 

#ifdef MS_WIN32 /*Python gives us MS_WIN32, SDL needs just WIN32*/ 

#ifndef WIN32 

#define WIN32 

#endif 

#endif 

 

 

/// Prefix when initializing module 
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#define MODPREFIX "" 

/// Prefix when importing module 

#define IMPPREFIX "pygame." 

 

#ifdef __SYMBIAN32__ 

#undef MODPREFIX 

#undef IMPPREFIX 

// On Symbian there is no pygame package. The extensions are built-in or in sys\bin. 

#define MODPREFIX "pygame_" 

#define IMPPREFIX "pygame_" 

#endif 

 

#include <SDL.h> 

 

/* macros used throughout the source */ 

#define RAISE(x,y) (PyErr_SetString((x), (y)), (PyObject*)NULL) 

 

#if PY_MAJOR_VERSION == 2 && PY_MINOR_VERSION == 3 

#  define Py_RETURN_NONE return Py_INCREF(Py_None), Py_None 

#  define Py_RETURN_TRUE return Py_INCREF(Py_True), Py_True 

#  define Py_RETURN_FALSE return Py_INCREF(Py_False), Py_False 

#endif 

 

/* Py_ssize_t availability. */ 

#if PY_VERSION_HEX < 0x02050000 && !defined(PY_SSIZE_T_MIN) 

typedef int Py_ssize_t; 

#define PY_SSIZE_T_MAX INT_MAX 

#define PY_SSIZE_T_MIN INT_MIN 

typedef inquiry lenfunc; 

typedef intargfunc ssizeargfunc; 

typedef intobjargproc ssizeobjargproc; 

typedef intintargfunc ssizessizeargfunc; 

typedef intintobjargproc ssizessizeobjargproc; 

typedef getreadbufferproc readbufferproc; 

typedef getwritebufferproc writebufferproc; 

typedef getsegcountproc segcountproc; 

typedef getcharbufferproc charbufferproc; 

#endif 

 

#define PyType_Init(x) (((x).ob_type) = &PyType_Type) 

#define PYGAMEAPI_LOCAL_ENTRY "_PYGAME_C_API" 
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#ifndef MIN 

#define MIN(a,b) ((a) < (b) ? (a) : (b)) 

#endif 

 

#ifndef MAX 

#define MAX(a,b) ( (a) > (b) ? (a) : (b)) 

#endif 

 

#ifndef ABS 

#define ABS(a) (((a) < 0) ? -(a) : (a)) 

#endif 

 

/* test sdl initializations */ 

#define VIDEO_INIT_CHECK()                                              \ 

    if(!SDL_WasInit(SDL_INIT_VIDEO))                                    \ 

        return RAISE(PyExc_SDLError, "video system not initialized") 

 

#define CDROM_INIT_CHECK()                                              \ 

    if(!SDL_WasInit(SDL_INIT_CDROM))                                    \ 

        return RAISE(PyExc_SDLError, "cdrom system not initialized") 

 

#define JOYSTICK_INIT_CHECK()                                           \ 

    if(!SDL_WasInit(SDL_INIT_JOYSTICK))                                 \ 

        return RAISE(PyExc_SDLError, "joystick system not initialized") 

 

/* BASE */ 

#define PYGAMEAPI_BASE_FIRSTSLOT 0 

#define PYGAMEAPI_BASE_NUMSLOTS 13 

#ifndef PYGAMEAPI_BASE_INTERNAL 

#define PyExc_SDLError ((PyObject*)PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT]) 

 

#define PyGame_RegisterQuit                                             \ 

    (*(void(*)(void(*)(void)))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 1]) 

 

#define IntFromObj                                                      \ 

    (*(int(*)(PyObject*, int*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 2]) 

 

#define IntFromObjIndex                                                 \ 

    (*(int(*)(PyObject*, int, int*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 3]) 
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#define TwoIntsFromObj                                                  \ 

    (*(int(*)(PyObject*, int*, int*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 4]) 

 

#define FloatFromObj                                                    \ 

    (*(int(*)(PyObject*, float*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 5]) 

 

#define FloatFromObjIndex                                               \ 

    (*(float(*)(PyObject*, int, float*))                                \ 

     PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 6]) 

 

#define TwoFloatsFromObj                                \ 

    (*(int(*)(PyObject*, float*, float*))               \ 

     PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 7]) 

 

#define UintFromObj                                                     \ 

    (*(int(*)(PyObject*, Uint32*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 8]) 

 

#define UintFromObjIndex                                                \ 

    (*(int(*)(PyObject*, int, Uint32*))                                 \ 

     PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 9]) 

 

#define PyGame_Video_AutoQuit                                           \ 

    (*(void(*)(void))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 10]) 

 

#define PyGame_Video_AutoInit                                           \ 

    (*(int(*)(void))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 11]) 

 

#define RGBAFromObj                                                     \ 

    (*(int(*)(PyObject*, Uint8*))PyGAME_C_API[PYGAMEAPI_BASE_FIRSTSLOT + 12]) 

 

#define import_pygame_base() {                                          \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "base");        \ 

 if (_module != NULL) {                                           \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_BASE_NUMSLOTS; ++i)            \ 

                    PyGAME_C_API[i + PYGAMEAPI_BASE_FIRSTSLOT] = localptr[i]; \ 

            }                                                           \ 



 

101 

 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } 

#endif 

 

 

/* RECT */ 

#define PYGAMEAPI_RECT_FIRSTSLOT                                \ 

    (PYGAMEAPI_BASE_FIRSTSLOT + PYGAMEAPI_BASE_NUMSLOTS) 

#define PYGAMEAPI_RECT_NUMSLOTS 4 

 

typedef struct { 

    int x, y; 

    int w, h; 

}GAME_Rect; 

 

typedef struct { 

    PyObject_HEAD 

    GAME_Rect r; 

    PyObject *weakreflist; 

} PyRectObject; 

 

#define PyRect_AsRect(x) (((PyRectObject*)x)->r) 

#ifndef PYGAMEAPI_RECT_INTERNAL 

#define PyRect_Check(x) \ 

    ((x)->ob_type == (PyTypeObject*)PyGAME_C_API[PYGAMEAPI_RECT_FIRSTSLOT + 0]) 

#define PyRect_Type (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_RECT_FIRSTSLOT + 0]) 

#define PyRect_New                                                      \ 

    (*(PyObject*(*)(SDL_Rect*))PyGAME_C_API[PYGAMEAPI_RECT_FIRSTSLOT + 1]) 

#define PyRect_New4                                                     \ 

    (*(PyObject*(*)(int,int,int,int))PyGAME_C_API[PYGAMEAPI_RECT_FIRSTSLOT + 2]) 

#define GameRect_FromObject                                             \ 

    (*(GAME_Rect*(*)(PyObject*, GAME_Rect*))                            \ 

     PyGAME_C_API[PYGAMEAPI_RECT_FIRSTSLOT + 3]) 

 

#define import_pygame_rect() {                                          \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "rect");        \ 

 if (_module != NULL) {                                         \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 
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            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_RECT_NUMSLOTS; ++i)            \ 

                    PyGAME_C_API[i + PYGAMEAPI_RECT_FIRSTSLOT] = localptr[i]; \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } 

#endif 

 

 

/* CDROM */ 

#define PYGAMEAPI_CDROM_FIRSTSLOT                               \ 

    (PYGAMEAPI_RECT_FIRSTSLOT + PYGAMEAPI_RECT_NUMSLOTS) 

#define PYGAMEAPI_CDROM_NUMSLOTS 2 

 

typedef struct { 

    PyObject_HEAD 

    int id; 

} PyCDObject; 

 

#define PyCD_AsID(x) (((PyCDObject*)x)->id) 

#ifndef PYGAMEAPI_CDROM_INTERNAL 

#define PyCD_Check(x)                                                   \ 

    ((x)->ob_type == (PyTypeObject*)PyGAME_C_API[PYGAMEAPI_CDROM_FIRSTSLOT + 0]) 

#define PyCD_Type (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_CDROM_FIRSTSLOT + 0]) 

#define PyCD_New                                                        \ 

    (*(PyObject*(*)(int))PyGAME_C_API[PYGAMEAPI_CDROM_FIRSTSLOT + 1]) 

 

#define import_pygame_cd() {                                      \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "cdrom"); \ 

 if (_module != NULL) {                                     \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_CDROM_NUMSLOTS; ++i)           \ 

                    PyGAME_C_API[i + PYGAMEAPI_CDROM_FIRSTSLOT] = localptr[i]; \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 
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        }                                                               \ 

    } 

#endif 

 

 

/* JOYSTICK */ 

#define PYGAMEAPI_JOYSTICK_FIRSTSLOT \ 

    (PYGAMEAPI_CDROM_FIRSTSLOT + PYGAMEAPI_CDROM_NUMSLOTS) 

#define PYGAMEAPI_JOYSTICK_NUMSLOTS 2 

 

typedef struct { 

    PyObject_HEAD 

    int id; 

} PyJoystickObject; 

 

#define PyJoystick_AsID(x) (((PyJoystickObject*)x)->id) 

 

#ifndef PYGAMEAPI_JOYSTICK_INTERNAL 

#define PyJoystick_Check(x)                                             \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

     PyGAME_C_API[PYGAMEAPI_JOYSTICK_FIRSTSLOT + 0]) 

 

#define PyJoystick_Type                                                 \ 

    (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_JOYSTICK_FIRSTSLOT + 0]) 

#define PyJoystick_New                                                  \ 

    (*(PyObject*(*)(int))PyGAME_C_API[PYGAMEAPI_JOYSTICK_FIRSTSLOT + 1]) 

 

#define import_pygame_joystick() {                                      \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "joystick");    \ 

 if (_module != NULL) {                                           \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_JOYSTICK_NUMSLOTS; ++i)        \ 

                    PyGAME_C_API[i + PYGAMEAPI_JOYSTICK_FIRSTSLOT] =    \ 

                        localptr[i];                                    \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 
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    } 

#endif 

 

 

/* DISPLAY */ 

#define PYGAMEAPI_DISPLAY_FIRSTSLOT \ 

    (PYGAMEAPI_JOYSTICK_FIRSTSLOT + PYGAMEAPI_JOYSTICK_NUMSLOTS) 

#define PYGAMEAPI_DISPLAY_NUMSLOTS 2 

typedef struct { 

    PyObject_HEAD 

    SDL_VideoInfo info; 

} PyVidInfoObject; 

 

#define PyVidInfo_AsVidInfo(x) (((PyVidInfoObject*)x)->info) 

#ifndef PYGAMEAPI_DISPLAY_INTERNAL 

#define PyVidInfo_Check(x)                                              \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

     PyGAME_C_API[PYGAMEAPI_DISPLAY_FIRSTSLOT + 0]) 

 

#define PyVidInfo_Type                                                  \ 

    (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_DISPLAY_FIRSTSLOT + 0]) 

#define PyVidInfo_New                                   \ 

    (*(PyObject*(*)(SDL_VideoInfo*))                    \ 

     PyGAME_C_API[PYGAMEAPI_DISPLAY_FIRSTSLOT + 1]) 

#define import_pygame_display() {                                   \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "display"); \ 

 if (_module != NULL) {                                       \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_DISPLAY_NUMSLOTS; ++i)         \ 

                    PyGAME_C_API[i + PYGAMEAPI_DISPLAY_FIRSTSLOT] =     \ 

                        localptr[i];                                    \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } 

#endif 
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/* SURFACE */ 

#define PYGAMEAPI_SURFACE_FIRSTSLOT                             \ 

    (PYGAMEAPI_DISPLAY_FIRSTSLOT + PYGAMEAPI_DISPLAY_NUMSLOTS) 

#define PYGAMEAPI_SURFACE_NUMSLOTS 3 

typedef struct { 

    PyObject_HEAD 

    SDL_Surface* surf; 

    struct SubSurface_Data* subsurface;  /*ptr to subsurface data (if a 

                                          * subsurface)*/ 

    PyObject *weakreflist; 

    PyObject *locklist; 

    PyObject *dependency; 

} PySurfaceObject; 

#define PySurface_AsSurface(x) (((PySurfaceObject*)x)->surf) 

#ifndef PYGAMEAPI_SURFACE_INTERNAL 

#define PySurface_Check(x)                                              \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

     PyGAME_C_API[PYGAMEAPI_SURFACE_FIRSTSLOT + 0]) 

#define PySurface_Type                                                  \ 

    (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_SURFACE_FIRSTSLOT + 0]) 

#define PySurface_New                                                   \ 

    (*(PyObject*(*)(SDL_Surface*))                                      \ 

     PyGAME_C_API[PYGAMEAPI_SURFACE_FIRSTSLOT + 1]) 

#define PySurface_Blit                                                  \ 

    (*(int(*)(PyObject*,PyObject*,SDL_Rect*,SDL_Rect*,int))             \ 

     PyGAME_C_API[PYGAMEAPI_SURFACE_FIRSTSLOT + 2]) 

 

#define import_pygame_surface() do {                                   \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "surface"); \ 

 if (_module != NULL) {                                       \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_SURFACE_NUMSLOTS; ++i)         \ 

                    PyGAME_C_API[i + PYGAMEAPI_SURFACE_FIRSTSLOT] =     \ 

                        localptr[i];                                    \ 

    }                                                           \ 

    Py_DECREF(_module);                                          \ 
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   }                                                               \ 

   else                                                            \ 

   {                                                               \ 

    break;                                                      \ 

   }                                                               \ 

   _module = PyImport_ImportModule(IMPPREFIX "surflock");          \ 

   if (_module != NULL) {                                           \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_SURFLOCK_NUMSLOTS; ++i)        \ 

                    PyGAME_C_API[i + PYGAMEAPI_SURFLOCK_FIRSTSLOT] =    \ 

                        localptr[i];                                    \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } while (0) 

#endif 

 

 

/* SURFLOCK */    /*auto import/init by surface*/ 

#define PYGAMEAPI_SURFLOCK_FIRSTSLOT                            \ 

    (PYGAMEAPI_SURFACE_FIRSTSLOT + PYGAMEAPI_SURFACE_NUMSLOTS) 

#define PYGAMEAPI_SURFLOCK_NUMSLOTS 8 

struct SubSurface_Data 

{ 

    PyObject* owner; 

    int pixeloffset; 

    int offsetx, offsety; 

}; 

 

typedef struct 

{ 

    PyObject_HEAD 

    PyObject *surface; 

    PyObject *lockobj; 

    PyObject *weakrefs; 

} PyLifetimeLock; 
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#ifndef PYGAMEAPI_SURFLOCK_INTERNAL 

#define PyLifetimeLock_Check(x)                         \ 

    ((x)->ob_type == (PyTypeObject*)                    \ 

        PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 0]) 

#define PySurface_Prep(x)                                               \ 

    if(((PySurfaceObject*)x)->subsurface)                               \ 

        (*(*(void(*)(PyObject*))                                        \ 

           PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 1]))(x) 

 

#define PySurface_Unprep(x)                                             \ 

    if(((PySurfaceObject*)x)->subsurface)                               \ 

        (*(*(void(*)(PyObject*))                                        \ 

           PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 2]))(x) 

 

#define PySurface_Lock                                                  \ 

    (*(int(*)(PyObject*))PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 3]) 

#define PySurface_Unlock                                                \ 

    (*(int(*)(PyObject*))PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 4]) 

#define PySurface_LockBy                                                \ 

    (*(int(*)(PyObject*,PyObject*))                                     \ 

        PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 5]) 

#define PySurface_UnlockBy                                              \ 

    (*(int(*)(PyObject*,PyObject*))                                     \ 

        PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 6]) 

#define PySurface_LockLifetime                                          \ 

    (*(PyObject*(*)(PyObject*,PyObject*))                               \ 

        PyGAME_C_API[PYGAMEAPI_SURFLOCK_FIRSTSLOT + 7]) 

#endif 

 

 

/* EVENT */ 

#define PYGAMEAPI_EVENT_FIRSTSLOT                                       \ 

    (PYGAMEAPI_SURFLOCK_FIRSTSLOT + PYGAMEAPI_SURFLOCK_NUMSLOTS) 

#define PYGAMEAPI_EVENT_NUMSLOTS 4 

 

typedef struct { 

    PyObject_HEAD 

    int type; 

    PyObject* dict; 

} PyEventObject; 
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#ifndef PYGAMEAPI_EVENT_INTERNAL 

#define PyEvent_Check(x)                                                \ 

    ((x)->ob_type == (PyTypeObject*)PyGAME_C_API[PYGAMEAPI_EVENT_FIRSTSLOT + 0]) 

#define PyEvent_Type \ 

    (*(PyTypeObject*)PyGAME_C_API[PYGAMEAPI_EVENT_FIRSTSLOT + 0]) 

#define PyEvent_New \ 

    (*(PyObject*(*)(SDL_Event*))PyGAME_C_API[PYGAMEAPI_EVENT_FIRSTSLOT + 1]) 

#define PyEvent_New2                                                    \ 

    (*(PyObject*(*)(int, PyObject*))PyGAME_C_API[PYGAMEAPI_EVENT_FIRSTSLOT + 2]) 

#define PyEvent_FillUserEvent                           \ 

    (*(int (*)(PyEventObject*, SDL_Event*))             \ 

     PyGAME_C_API[PYGAMEAPI_EVENT_FIRSTSLOT + 3]) 

#define import_pygame_event() {                                   \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "event"); \ 

 if (_module != NULL) {                                     \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_EVENT_NUMSLOTS; ++i)           \ 

                    PyGAME_C_API[i + PYGAMEAPI_EVENT_FIRSTSLOT] = localptr[i]; \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } 

#endif 

 

 

/* RWOBJECT */ 

/*the rwobject are only needed for C side work, not accessable from python*/ 

#define PYGAMEAPI_RWOBJECT_FIRSTSLOT                            \ 

    (PYGAMEAPI_EVENT_FIRSTSLOT + PYGAMEAPI_EVENT_NUMSLOTS) 

#define PYGAMEAPI_RWOBJECT_NUMSLOTS 4 

#ifndef PYGAMEAPI_RWOBJECT_INTERNAL 

#define RWopsFromPython \ 

    (*(SDL_RWops*(*)(PyObject*))PyGAME_C_API[PYGAMEAPI_RWOBJECT_FIRSTSLOT + 0]) 

#define RWopsCheckPython                                                \ 

    (*(int(*)(SDL_RWops*))PyGAME_C_API[PYGAMEAPI_RWOBJECT_FIRSTSLOT + 1]) 

#define RWopsFromPythonThreaded                                         \ 

    (*(SDL_RWops*(*)(PyObject*))PyGAME_C_API[PYGAMEAPI_RWOBJECT_FIRSTSLOT + 2]) 
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#define RWopsCheckPythonThreaded                                        \ 

    (*(int(*)(SDL_RWops*))PyGAME_C_API[PYGAMEAPI_RWOBJECT_FIRSTSLOT + 3]) 

#define import_pygame_rwobject() {                                   \ 

 PyObject *_module = PyImport_ImportModule(IMPPREFIX "rwobject"); \ 

 if (_module != NULL) {                                        \ 

            PyObject *_dict = PyModule_GetDict(_module);                  \ 

            PyObject *_c_api = PyDict_GetItemString(_dict,                \ 

                                                   PYGAMEAPI_LOCAL_ENTRY); \ 

            if(PyCObject_Check(_c_api)) {                                \ 

                int i; void** localptr = (void**)PyCObject_AsVoidPtr(_c_api); \ 

                for(i = 0; i < PYGAMEAPI_RWOBJECT_NUMSLOTS; ++i)        \ 

                    PyGAME_C_API[i + PYGAMEAPI_RWOBJECT_FIRSTSLOT] =    \ 

                        localptr[i];                                    \ 

            }                                                           \ 

            Py_DECREF(_module);                                          \ 

        }                                                               \ 

    } 

#endif 

 

/* BufferProxy */ 

typedef struct 

{ 

    PyObject_HEAD 

    PyObject *dict;     /* dict for subclassing */ 

    PyObject *weakrefs; /* Weakrefs for subclassing */ 

    void *buffer;       /* Pointer to the buffer of the parent object. */ 

    Py_ssize_t length;  /* Length of the buffer. */ 

    PyObject *parent;   /* Parent object associated with this object. */ 

    PyObject *lock;     /* Lock object for the surface. */ 

 

} PyBufferProxy; 

 

#define PYGAMEAPI_BUFFERPROXY_FIRSTSLOT                                 \ 

    (PYGAMEAPI_RWOBJECT_FIRSTSLOT + PYGAMEAPI_RWOBJECT_NUMSLOTS) 

#define PYGAMEAPI_BUFFERPROXY_NUMSLOTS 2 

#ifndef PYGAMEAPI_BUFFERPROXY_INTERNAL 

#define PyBufferProxy_Check(x)                                          \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

     PyGAME_C_API[PYGAMEAPI_BUFFERPROXY_FIRSTSLOT + 0]) 

#define PyBufferProxy_New                                               \ 

    (*(PyObject*(*)(PyObject*, void*, Py_ssize_t, PyObject*))           \ 
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    PyGAME_C_API[PYGAMEAPI_BUFFERPROXY_FIRSTSLOT + 1]) 

#define import_pygame_bufferproxy()                                      \ 

    {                                                                    \ 

 PyObject *_module = PyImport_ImportModule (IMPPREFIX "bufferproxy");\ 

 if (_module != NULL)                                             \ 

        {                                                                \ 

            PyObject *_dict = PyModule_GetDict (_module);                \ 

            PyObject *_c_api = PyDict_GetItemString                      \ 

                (_dict, PYGAMEAPI_LOCAL_ENTRY);                          \ 

            if (PyCObject_Check (_c_api))                                \ 

            {                                                            \ 

                int i;                                                   \ 

                void** localptr = (void**) PyCObject_AsVoidPtr (_c_api); \ 

                for (i = 0; i < PYGAMEAPI_BUFFERPROXY_NUMSLOTS; ++i)     \ 

                    PyGAME_C_API[i + PYGAMEAPI_BUFFERPROXY_FIRSTSLOT] =  \ 

                        localptr[i];                                     \ 

            }                                                            \ 

            Py_DECREF (_module);                                         \ 

        }                                                                \ 

    } 

#endif /* PYGAMEAPI_BUFFERPROXY_INTERNAL */ 

 

/* PixelArray */ 

#define PYGAMEAPI_PIXELARRAY_FIRSTSLOT                                 \ 

    (PYGAMEAPI_BUFFERPROXY_FIRSTSLOT + PYGAMEAPI_BUFFERPROXY_NUMSLOTS) 

#define PYGAMEAPI_PIXELARRAY_NUMSLOTS 2 

#ifndef PYGAMEAPI_PIXELARRAY_INTERNAL 

#define PyPixelArray_Check(x)                                           \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

     PyGAME_C_API[PYGAMEAPI_PIXELARRAY_FIRSTSLOT + 0]) 

#define PyPixelArray_New                                                \ 

    (*(PyObject*(*)) PyGAME_C_API[PYGAMEAPI_PIXELARRAY_FIRSTSLOT + 1]) 

#define import_pygame_pixelarray()                                       \ 

    {                                                                    \ 

 PyObject *_module = PyImport_ImportModule (IMPPREFIX "pixelarray"); \ 

 if (_module != NULL)                                             \ 

        {                                                                \ 

            PyObject *_dict = PyModule_GetDict (_module);                \ 

            PyObject *_c_api = PyDict_GetItemString                      \ 

                (_dict, PYGAMEAPI_LOCAL_ENTRY);                          \ 

            if (PyCObject_Check (_c_api))                                \ 
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            {                                                            \ 

                int i;                                                   \ 

                void** localptr = (void**) PyCObject_AsVoidPtr (_c_api); \ 

                for (i = 0; i < PYGAMEAPI_PIXELARRAY_NUMSLOTS; ++i)      \ 

                    PyGAME_C_API[i + PYGAMEAPI_PIXELARRAY_FIRSTSLOT] =   \ 

                        localptr[i];                                     \ 

            }                                                            \ 

            Py_DECREF (_module);                                         \ 

        }                                                                \ 

    } 

#endif /* PYGAMEAPI_PIXELARRAY_INTERNAL */ 

 

/* Color */ 

#define PYGAMEAPI_COLOR_FIRSTSLOT                                       \ 

    (PYGAMEAPI_PIXELARRAY_FIRSTSLOT + PYGAMEAPI_PIXELARRAY_NUMSLOTS) 

#define PYGAMEAPI_COLOR_NUMSLOTS 4 

#ifndef PYGAMEAPI_COLOR_INTERNAL 

#define PyColor_Check(x)                                                \ 

    ((x)->ob_type == (PyTypeObject*)                                    \ 

        PyGAME_C_API[PYGAMEAPI_COLOR_FIRSTSLOT + 0]) 

#define PyColor_New                                                     \ 

    (*(PyObject *(*)(Uint8*)) PyGAME_C_API[PYGAMEAPI_COLOR_FIRSTSLOT + 1]) 

#define PyColor_NewLength                                               \ 

    (*(PyObject *(*)(Uint8*, Uint8)) PyGAME_C_API[PYGAMEAPI_COLOR_FIRSTSLOT + 3]) 

 

#define RGBAFromColorObj                                                \ 

    (*(int(*)(PyObject*, Uint8*)) PyGAME_C_API[PYGAMEAPI_COLOR_FIRSTSLOT + 2]) 

#define import_pygame_color()                                           \ 

    {                                                                   \ 

 PyObject *_module = PyImport_ImportModule (IMPPREFIX "color");     \ 

 if (_module != NULL)                                            \ 

        {                                                               \ 

            PyObject *_dict = PyModule_GetDict (_module);               \ 

            PyObject *_c_api = PyDict_GetItemString                     \ 

                (_dict, PYGAMEAPI_LOCAL_ENTRY);                         \ 

            if (PyCObject_Check (_c_api))                               \ 

            {                                                           \ 

                int i;                                                  \ 

                void** localptr = (void**) PyCObject_AsVoidPtr (_c_api); \ 

                for (i = 0; i < PYGAMEAPI_COLOR_NUMSLOTS; ++i)          \ 

                    PyGAME_C_API[i + PYGAMEAPI_COLOR_FIRSTSLOT] =       \ 
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                        localptr[i];                                    \ 

            }                                                           \ 

            Py_DECREF (_module);                                        \ 

        }                                                               \ 

    } 

#endif /* PYGAMEAPI_COLOR_INTERNAL */ 

 

#ifndef NO_PYGAME_C_API 

#define PYGAMEAPI_TOTALSLOTS                                            \ 

    (PYGAMEAPI_COLOR_FIRSTSLOT + PYGAMEAPI_COLOR_NUMSLOTS) 

static void* PyGAME_C_API[PYGAMEAPI_TOTALSLOTS] = { NULL }; 

#endif 

 

/*last platform compiler stuff*/ 

#if defined(macintosh) && defined(__MWERKS__) || defined(__SYMBIAN32__) 

#define PYGAME_EXPORT __declspec(export) 

#else 

#define PYGAME_EXPORT 

#endif 

 

#if defined(__SYMBIAN32__) && PY_MAJOR_VERSION == 2 && PY_MINOR_VERSION == 2 

 

// These are missing from Python 2.2 

#ifndef Py_RETURN_NONE 

 

#define Py_RETURN_NONE     return Py_INCREF(Py_None), Py_None 

#define Py_RETURN_TRUE     return Py_INCREF(Py_True), Py_True 

#define Py_RETURN_FALSE    return Py_INCREF(Py_False), Py_False 

 

#ifndef intrptr_t 

#define intptr_t int 

 

// No PySlice_GetIndicesEx on Py 2.2         

#define PySlice_GetIndicesEx(a,b,c,d,e,f) PySlice_GetIndices(a,b,c,d,e) 

 

#define PyBool_FromLong(x)  Py_BuildValue("b", x) 

#endif 

 

// _symport_free and malloc are not exported in python.dll 

// See http://discussion.forum.nokia.com/forum/showthread.php?t=57874 

#undef PyObject_NEW 
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#define PyObject_NEW PyObject_New 

#undef PyMem_MALLOC 

#define PyMem_MALLOC PyMem_Malloc 

#undef PyObject_DEL 

#define PyObject_DEL PyObject_Del 

 

#endif // intptr_t 

 

#endif // __SYMBIAN32__ Python 2.2.2 

 

#endif /* PYGAME_H */ 

 

  

  

  

  

  

 


