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Internal Assessment Resource

Digital Technologies Level 2

	This resource supports assessment against:

Achievement Standard 91375 version 3
Implement advanced interfacing procedures in a specified electronic environment

	Resource title: Robocup

	3 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 2

To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number: A-A-02-2015-91375-02-5706

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource

Achievement Standard Digital Technologies 91375: Implement advanced interfacing procedures in a specified electronic environment 

Resource reference: Digital Technologies 2.48 v2
Resource title: Robocup
Credits: 3
Teacher guidelines

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Teachers need to be very familiar with the outcome being assessed by Achievement Standard Digital Technologies 91375. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting 

This achievement standard requires the student to implement advanced interfacing procedures in a specified electronic environment.

Two approaches are possible when using this standard for assessment:

1. The students are given a set of components, sensors and actuators and a set of specifications, which they use to design and build an autonomous robot that is capable of following a marked course and retrieving an object. The whole class then makes similar products.  The students may negotiate with the teacher whether they will simply use the equipment provided or make their own modifications to it.  The teacher may elect to provide the students with drawings showing basic construction details for various systems on the robot.

2. The students have been engaged in technological practice and are now at the point where they have fully established the specifications for their outcome and are ready to make it. 

It could be that this standard is just one of a number of standards that will be used to assess a major robotics project. This standard focuses on developing both the hardware and software aspects of the interfaces that are involved in the project, and the time spent on this task may well occur in a number of segments throughout the project. The project itself may run for the majority of the school year.

For the purposes of this resource the product is an autonomous mobile robot capable of following a course marked out by a black line on a white background. The course may include a number of obstacles such as speed bumps, a small bridge and a 1.5 litre container of water placed on top of the black line. The robot must also be able to locate a Coke can within a specified area, pick it up and place in on a platform 40mm wide, 100mm long and 40mm high. (This course is the Rescue Course for the Robocup junior Robotics Competition. For more details see http://rcj.robocup.org/rescue.html.)
Prior learning

In either case, before they begin to make their product ensure that:

· each student has a set of specifications for the product (see the student instructions for an example). The specifications need to be agreed prior to the product being made. They may be teacher given or developed in negotiation with the student

· the selected materials and special features provide sufficient scope for the student to meet the requirements of the standard

· the student is familiar with the methods they will need to use to construct the special features and how the various steps need to be scheduled in a construction plan

· the student trials and selects techniques that will enable them to achieve optimal quality in their special features and that they practise scheduling the various steps in a construction plan

· the student has access to an appropriate work environment and to the tools and materials they will need to safely make their product.

Conditions

This is an individual task. It is recommended students be given 7 weeks (28 hours) to complete it.

Because you are required to assess the ways in which the techniques and tests are implemented as well as the quality of the outcome, the students should complete all their practical work in class time.

Resource requirements 

Access to:

· a fully equipped school workshop including, if possible, engineering lathes, milling machines and optionally a rapid prototyping machine
· the necessary equipment for designing and constructing an autonomous robot controlled by an internal microprocessor
· software for designing and manufacturing printed circuit boards
· preferably access to 3D CAD which they can use to design the mechanical systems for the robot
· a camera, so that students can take and annotate photographs to use as evidence if they wish to.

Websites

Students should have access to sites that provide information relating to the microprocessor system they are using. For example:
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HYPERLINK "http://www.mindkits.co.nz"
.

HYPERLINK "http://www.mindkits.co.nz"
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.

HYPERLINK "http://www.mindkits.co.nz"
nz if they are using Arduino microcontrollers

www

HYPERLINK "http://www.rev-ed.co.uk"
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Useful resources include:

EAGLE printed circuit board design software from www
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.
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Additional information

This standard requires you to make judgements about the ways in which techniques are implemented, as well as about the quality of the finished product.

For example, you are required to notice (for Merit) whether you have shown the ability to modify sensor and actuator sub-systems to improve the way they work and (for Excellence) to test and debug a working model to achieve substantially improved operation.

You must be able to justify your judgements by providing evidence derived from student or teacher recording, classroom observation, and/or discussion with students.

Recording of evidence

The recording of evidence ensures that students understand the basis on which they are being judged and confirms that the teacher’s judgements are made on a sound basis.

In this assessment, students are asked to keep a brief record of progress and how they have resolved problems (by, for example, annotating their construction plans). You could add your own observations to the students’ records. 

Students could also provide evidence by:

· establishing a schedule of tests and recording the outcomes of tests as they apply them

· taking and annotating photos to show the improvements in performance that have resulted from the modifications the students have made.

Measures

Skilfulness and efficiency in writing computer code can be judged from a printout of the code itself.  It relates to how well structured, clearly annotated and readily understandable the code is.

Skilfulness and efficiency in the construction of an interface relates to the quality of the workmanship in constructing the circuitry, the robustness and layout of wiring and connections and the thought that has gone into preventing malfunctions in the interface resulting in error free operation, or more robustness, or reliability. 
Internal Assessment Resource
Achievement Standard Digital Technologies 91375: Implement advanced interfacing procedures in a specified electronic environment 

Resource reference: Digital Technologies 2.48 v2
Resource title: Robocup
Credits: 3
	Achievement 
	Achievement with Merit
	Achievement with Excellence

	Implement advanced interfacing procedures in a specified electronic environment.
	Skilfully implement advanced interfacing procedures in a specified electronic environment.
	Efficiently implement advanced interfacing procedures in a specified electronic environment.


Student instructions

Introduction 
This assessment activity requires you to construct an autonomous mobile robot that is capable of following a course marked out by a black line on a white background.  The robot has to be capable of finding a Coke can in a designated area 400x400mm, picking the can up and depositing it on a platform 40mm high and 100mm long located at one edge of the designated area.

Teacher note: The outcome could equally well be a robot that performs a different task, a piece of automated manufacturing equipment that might be found in a factory, a conveyor system that might be found in an automated fruit packing shed, an automatic gate opening device, a remote river level monitor, a remote possum trap monitor, a device that allows wildlife to trigger a camera, or a device that identifies a cat before giving it access to a cat door.
The specifications for the autonomous mobile robot are:

· the robot must be capable of following the course specified for the Robocup Junior Rescue competition (see http://rcj.robocup.org/rescue.html)

· the chassis is to be constructed from 4mm pvc or acrylic sheet

· the wheels, motors and gears may be LEGO components (but could be other proprietary products)

· the line sensors are to be constructed from the LDRs and LEDs and following the drawings provided

· the robot must be equipped with a gripper capable of lifting up a Coke can containing 40g of ballast.  This gripper can be powered by either a d.c. motor or a servo motor

· the robot must be able to detect the platform on which the can is to be placed, approach the platform and place the can on the platform so that it does not fall over when released.
The specifications for the 3 interfaces are:

· an interface that allows a microcontroller to manage independently and reliably the speed and direction of a pair of small 9V d.c. electric motors. Any EMI generated by the motors should not be allowed to interfere with the reliable functioning of the robot.

· an interface that allows a microcontroller to reliably distinguish between green black and white markings on a vinyl sheet over which the robot is driving.  The main sensor is to consist of a small light dependent resistor wired up with a resistor to form a voltage divider.  The sensor does not need to make more than 500 measurements per second.  

· an interface, which allows a microprocessor to send messages to an LCD display mounted on the robot.

Teacher note: The specifications should be modified as necessary so that they precisely describe the specifications that your students must meet. 

Specifications are short statements that describe the function and/or the aesthetics of the finished product. They should not include reference to accuracy, independence or efficiency At all grade levels the product is expected to meet specifications. 
Relevant health and safety practices must be followed in the making of the product.

Prerequisite tasks

If your teacher has provided specifications for the robot, read and absorb them. Alternatively, devise your own specifications and then confirm with your teacher that they are suitable. (This will ensure that you do not specify an outcome that is either too simple or too complex, and that you will have access to all grades of achievement.)

If you have had no previous experience in using some of the actuators, sensors, or with the programming environment in which you are working then, practise extensively using these resources until you are confident you know exactly how they work and how to get the best performance out of them.
Check that you are aware of relevant Health and Safety practises and know how to follow these when making your product.

Task 

In constructing your robot there are three main interfaces for which you must develop functional models. They are: 

· one to manage the motors
· one to manage the sensors that detect the line that the robot will be following

· one to manage communications between the robot and its LCD screen.

Each of these interfaces will require development work in both hardware and software.

As you develop these interfaces you must keep records - photos and notes - of the work you are doing.  These records will be used to write a report, which will be submitted with the robot for the assessment of this standard. 
Your report must show evidence (see the appendices for example) that you have: 

· used the electronic components provided to produce a sensor that can interact with the environment. This means the sensor can accurately detect the colour of the surface it is looking at and produce a voltage that the software can use to determine that colour

· used the electric motors provided so that the software on the robot can reliably control the speed and position of the robot

· used the LCD display provided to enable the robot to provide useful information to the programmer thereby allowing the performance of the robot to be improved

· written, tested and debugged well-structured, clearly annotated, readily understandable software to manage the interface between the robot’s processor and the sensors and actuators it controls
· You should provide evidence of modification of the sensor subsystems and actuator subsystems, which substantially improves the quality and the way the robot works/gathers data.

Typically your evidence should show that you have been doing a selection of the following things:

· selecting the best type and value of component

· selecting the best arrangement of components

· modifying hardware input and or output parameters

· modifying software parameters.
You can meet the above requirements by including in your written evidence:

· schematic circuit diagrams for any electronic circuits you develop as part of an interface

· printed circuit board images for any printed circuit boards you make as part of your interface

· photos of any interfaces that you construct

· a brief description explaining the role of each interface

· brief descriptions of any testing and debugging procedures you undertook to substantially improve the operations of the interfaces 

· photos and explanations of any modifications you make to any of the interfaces to substantially improve their performance

· printouts of any software that interfaces with either the actuators or the sensors on your robot.  These printouts should show that your software is well structured, clearly annotated and readily understandable.

Hand in your robot and your report.

Resources

Resource 1: Sets of techniques that are likely to be required in producing evidence for this standard include:

Design of circuit schematics on printed circuit software such as EAGLE.

Design of printed circuit boards in software such as EAGLE.

Chemical etching or other methods of producing printed circuit boards.

Soldering components to printed circuit boards.

Selection and assembly of electrical connectors.

Techniques to reduce unwanted effects of electromagnetic interference.

Data logging techniques - maybe including averaging or other methods to improve reliability.

Construction techniques to fabricated mechanical components of interfaces.

Resource 2: Health and safety 
Students must be able to use all machines and processes safely and in accordance with the Technology Departmental policies on Health and Safety.

Examples of these are: 

· ensure sleeves rolled up when using any machines
· wear safety glasses when machining
· ensure all machine guards are fitted and working before starting machines
· ensure machines are turned off before using any measuring instruments
· ensure you are wearing safety glasses if using Ferric Chloride to etch printed circuit boards
· ensure that soldering iron tips are clean before use and that the irons are turned off when you have finished with them
· you must not use any machine to fabricate parts for your robot unless you have been specifically trained to perform that sort of operation on that machine.

Assessment schedule: Digital Technologies 91375 Robocup
	Evidence/Judgements for Achievement
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has implemented advanced interfacing procedures in a specified electronic environment

They have: 

· used provided functional sensor subsystems to interact with the environment (e.g. light sensors that allow a line-following robot to decode markings on a path)

· used provided functional actuator subsystems to interact with the environment (e.g. shutters that control greenhouse light level)

· written software that interfaces with the data provided by the sensors and with the actuators it controls (e.g. analogue to digital conversion (ADC), data processing subroutines)

· tested and debugged a functional model of the interface.
See appendix A.
The examples above relate to only part of what is required, and are indicative only.


	The student has skilfully implemented advanced interfacing procedures in a specified electronic environment

They have:

· modified sensor subsystems to improve the quality of the data delivered by the interface

· modified actuator subsystems to improve the way they work
· written annotated, readily understandable software that interfaces with the data provided by the sensors and with the actuators it controls
· tested and debugged a functional model of the interface to achieve and demonstrate improved operation.
See appendix B.
The examples above relate to only part of what is required, and are indicative only.


	The student has efficiently implemented advanced interfacing procedures in a specified electronic environment

They have:

· modified sensor subsystems to substantially improve the quality of the data delivered by the interface   

· modified actuator subsystems to substantially improve the way they work

· written well-structured, clearly annotated, readily understandable software that interfaces effectively with the data provided by the sensors and with the actuators it controls
· tested and debugged a functional model of the interface to achieve and demonstrate substantially improved operation.
See appendix C.
The examples above relate to only part of what is required, and are indicative only.




Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard.

Appendix A: Student Evidence for Achieved
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The student used the actuator interface to control the two motors that drove his mobile robot, and also to control the servo motor that opened and closed the grippers.  The lcd interface was used to obtain readings from the light sensors that enabled the robot to follow the line marked on the competition course.[image: image11.jpg]



This photo shows the microprocessor mounted on the robot and the grippers mounted on the servo motor that operated them.
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  This photo shows the LED and the LDR mounted on a printed circuit board.  This is the main part of the light sensor interface.  The LED shines light on to the terrain under the robot and the LDR receives the reflected light.  One of the resistors forms a voltage divider in partnership with the LDR thus generating a signal, which is dependent on the amount of light reflected, and is also able to be read by the robot’s microprocessor.

The C-language code below shows that the student has written software that interfaces with the robots sensors and actuators.  However, although the code is well formatted, the absence of any annotation makes it difficult to determine what the code is doing, and even harder to troubleshoot any errors that may be present.

void setup()

{

}

void loop()

{

  
if (analogRead(3) > 350)   
 

  
{

        
digitalWrite(6,HIGH);   
 

        
digitalWrite(7,LOW);   
 

  
}

  
else

  
{

        
digitalWrite(6,LOW);   
 

        
digitalWrite(7,LOW);  

  
}

  
if(analogRead(right_sensor) >375)   
 

  
{

        
digitalWrite(4,HIGH);             
 

        
digitalWrite(5,LOW);             
 

  
}

  
else

  
{

        
digitalWrite(4,LOW);             
 

        
digitalWrite(5,LOW);

  
}

}

Appendix B: Student Evidence for Merit

Sensor:
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The initial sensor design was a simple circular circuit board that contained a LED shining light on to the ground, which reflected off the different coloured surfaces at different intensities, which was picked up by an LDR. The robot could then do line following based on the digital reading that the LDR produced. However, this design was greatly affected by the surrounding light conditions, so much that in a darker room, the programmed reading for a white area could be read as a black line in a well-lit room. No matter how precise I made the programming, this variation could not be overcome.
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I changed the design of the sensor so that the circuit board was attached to a plastic piece, which became one lid of an open-ended plastic cylinder. The other end was fitted with another lid, which had only a small hole in it. The effect of this design was that the light from the LED shone down, but only the small area of light that hit the hole reflected back to the LDR to increase the sensitivity to the black line. The cylinder blocked almost all surrounding light out which made the readings far more stable and the calibration programme could easily account for this.

Assessor Comment:

The above sample shows evidence of a student modifying an interface to improve the way it works.  In this case the nature of the modifications was geometrical and mechanical, but nevertheless they achieved the purpose of improving the quality of the data that was being gathered by the robot’s microprocessor.

The C-language code below shows how the student used software that interfaced with the data provided by the sensors and with the actuators.   In this case the data coming in from the sensors was used to control the motors and keep the robot following the black line.  The code is well formatted and adequately annotated.  However, as the Excellence example shows, it could be made significantly more straightforward to read than is the case here.

void setup()

{

}

void loop()

{

  
if(analogRead(3) > 350)    
//left sensor is detecting white background

  
{

        
digitalWrite(6,HIGH);    
//left motor is attached to pins

        
digitalWrite(7,LOW);    
// 6 and 7 on microprocessor

  
}

  
else

  
{

        
digitalWrite(6,LOW);    
//both pins low turns motor off.

        
digitalWrite(7,LOW);  

  
}

  
if(analogRead(right_sensor) >375)    
//if right sensor is detecting white background

  
{

        
digitalWrite(4,HIGH);              
//right motor is attached to

        
digitalWrite(5,LOW);              
// pins 4 and 5 of microprocessor

  
}

  
else

  
{

        
digitalWrite(4,LOW);              
//both pins low turns motor off.

        
digitalWrite(5,LOW);

  
}

}   

Appendix C: Student Evidence for Excellence

The image shows the tracks for an interface board, which connected both a pair of motors and also a group of sensors to the microcontroller.  During testing it was found that either the motors or the sensors would work perfectly, but as soon as the motors and sensors were run together, the data entering the sensors was corrupted. Eventually it was realised that track A was transmitting high frequency pulses to control the speed of one of the motors, and the three tracks highlighted at B were transmitting data from the sensors into the microcontroller. The rapidly changing pulses on track A were inducing random voltage in the tracks at B and contaminating the data coming in from the light sensors.  The solution was to shift the light sensor inputs to the opposite side of the board  from the motor tracks.  Magnetic fields attenuate rapidly with distance and the problem was solved.  Further testing showed that the data stream coming in from the sensors was now completely unaffected by what was happening with the motors.[image: image12.emf]National Certificate of Educational Achievement
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Assessor Comment:  This example provides evidence of debugging an interface and also of making significant modifications, which substantially improve the performance of the system.  
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 This image shows a modified d.c. motor interface that is a significant improvement on the one pictured in the Achieved notes.  The integrated circuit, which manages the motor, is capable of delivering twice as much current as the original.  Also the speed control features of the integrated circuit have been implemented in this circuit so the robot can now control the speed of its motors. This interface has also been fitted with suppression diodes to reduce the possibility of electromagnetic noise generated by the motors interfering with the operation of the robot’s computer.  In addition the motor interface has now been mounted well away from the main computer with a ribbon cable used to connect the two boards. This again reduces the chance of electromagnetic interference reaching the robot’s microprocessor. And finally, a heat sink has been added to the integrated circuit to dissipate the additional heat that is generated by the larger currents that are now flowing.

As described above this interface was tested in conjunction with the robots sensors, and initially produced cross-talk with the sensor inputs.  However this was rectified by shifting the sensor inputs to another location, well away from the motor outputs.
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This image shows another modification to the interfacing system.  In this case the original parallel lcd screen has been replaced by a serial one. The significance of that is that the parallel version used 6 of the microprocessors 10 input pins, which was preventing a number of important sensors from being attached. The serial lcd panel uses only two pins, thus making 4 more available to use for other sensors. The change to a serial lcd panel was also required additional software to be written to manage communication between the lcd panel and the microcontroller.

Example of Well-Structured, Clearly Annotated and Readily Understandable Program Code

The example below shows some code, which is used to interface the robot’s microprocessor to a pair of light sensors and also to a pair of d.c. motors.

Note the use of the labels left_sensor and right_sensor which make the code easier to understand.

Also note the naming of the functions that control the motor. These make the main (LOOP) section of the code extremely straightforward to read and understand.

Note also the use of comments within the code that explain what various lines of code are doing.

Also the indentation of the code each time a new set of brackets open makes it easier to understand the logical structure of the program.

Finally, note the clear separation of the different sections of the code that, again, helps to make it readily understandable.

/************************************************************************************************************

In this code fragment, the robot's sensors look at a white background, on either side of a black line.

If the left sensor strays on to the black line, the left motor stops until the sensor returns to the white

zone. Same for the right sensor. If both sensors are on the white zone, the robot moves forwards.  

*****************************************************************************************************************/

 int left_sensor = 3;      //left sensor is attached to pin 3 on microprocessor

int right_sensor = 4 ;    //right sensor is attached to pin 4 on microprocessor

void setup()

{

}

void loop()

{

      if(analogRead(left_sensor) > 350)    //left sensor is detecting white background

  
{

          left_motor_forwards();              //so left motor drives forwards

  
}

  
else

  
{

            left_motor_stop();      
        //otherwise left motor stops

  
}

      if(analogRead(right_sensor) >375)    //if right sensor is detecting white background

  
{

            right_motor_forwards();            //right motor drives forwards.

  
}

  
else

  
{

            right_motor_stop();              //otherwise right motor stops

  
}

}

  /***************************************************

function definitions

****************************************************/

  
{

            digitalWrite(4,HIGH);  
//right motor is attached to

            digitalWrite(5,LOW);    
// pins 4 and 5 of microprocessor

  
}

 /***************************************************/ 


  
void right_motor_stop()

  
{

            digitalWrite(4,LOW);    
//both pins low turns motor off.

            digitalWrite(5,LOW);

  
}

 /********************************************************/ 


  
void left_motor_forwards()

  
{

            digitalWrite(6,HIGH);
//left motor is attached to pins

            digitalWrite(7,LOW);
// 6 and 7 on microprocessor

  
}

   /*****************************************************/  

  
void left_motor_stop()

  
{

            digitalWrite(6,LOW);
//both pins low turns motor off.

            digitalWrite(7,LOW);


  
}
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