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Internal Assessment Resource

Digital Technologies Level 2

	This resource supports assessment against:

Achievement Standard 91376 version 3
Implement advanced techniques in constructing a specified advanced electronic and embedded system

	Resource title: Light guided vehicle

	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-02-2015-91376-02-5707

	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 91376: Implement advanced techniques in constructing a specified advanced electronic and embedded system
Resource reference: Digital Technologies 2.49 v2
Resource title: Light guided vehicle
Credits: 3
Teacher guidelines

The following guidelines are designed to ensure that teachers can 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 91376. 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 activity requires students to skilfully and efficiently implement advanced techniques to construct and test functional systems and write and debug embedded software for a specified electronic and embedded system, such as a light guided vehicle. 

The students are given a common set of specifications to design and create a project with a similar outcome. The teacher may create the specifications for this outcome in discussion with the class and/or may allow individual students to negotiate a variation of the selected outcome. 

See Resource 1 for sample specifications. These should be reworked to suit your particular context and selected outcome.

In each case, ensure that:

· the specifications relate to the monitoring and control of variables in both hardware and software, define the functional qualities required, and will provide sufficient scope for the students to meet the requirements of the standard 

· the electronic environment includes a functional combination of hardware and software

· there is an agreed plan that describes a sound and robust process for developing the outcome – this plan can be developed in negotiation with you

· you conference with the students and support them as they construct their system (for events that may occur with the equipment or within the computer system and that are not intended to be part of the task)

· testing is applied to ensure that the system is constructed accurately and meets specifications

· ample opportunity exists to track assessment, gather and secure valid evidence as a record for assessment and moderation purposes.

Prior learning

Ensure that all students have the necessary prior learning before beginning this activity:

· Provide them with multiple opportunities to practise the advanced techniques. 

· Opportunities should be provided for students to become familiar with the electronic devices. Students need to be familiar with the physical, electronic and software ranges, ratings, interfacing techniques. They need to understand the constraints when these devices are used in reactive, real time, physical environments.

· Ensure that they know how to write, debug and annotate software that can manage an advanced electronic and embedded system correctly. 

Conditions 

This is an individual assessment task. It is recommended that the students be given 7 weeks (30 hours) of in-class time to complete it. 

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

Resource requirements 

See student resource list for typical materials and setup for the project.

Additional information 

You must be able to justify your judgements by providing evidence based on classroom observations and discussions with students. 

Planning 

· It is strongly recommended that a plan is put in place to provide a framework for the project to ensure that all the necessary stages are covered and sufficient evidence is collected.

· Key milestones should be set as break points where stages can be signed off and evidence is checked, validated and processed. Advanced students may develop their own plan and ‘project manage’ the process. At a minimum there should be a check sheet to make sure key steps have been closed out, evidence is gathered and validated.

See student resources for an example of main stages, breakpoints or milestone points where progress can be checked off and evidence gathered, validated and processed.

Evidence 
This standard requires you to make judgements about the ways in which the techniques were implemented as well as about the quality of the outcome. You are required to notice whether the student’s work involves for merit:

“constructing and testing reliable circuits on PCB, with improved track layout and soldering” and “writing, debugging, and annotating readily understandable software, that can manage an advanced electronic and embedded system”.

and for excellence:

“constructing and testing reliable functional circuits on PCB, with substantially improved track layout and soldering” and “writing and debugging well-structured, clearly annotated, and readily understandable embedded software which uses extended features and specialised commands (e.g. labels, macros, noise reduction techniques such as switch debouncing)”.

You must be able to justify your judgements by providing evidence based on classroom observations and discussions with students. Some suggested formats for evidence include:

· Photographs: Laser printed B/w, CDROM

· Completed, signed, dated check sheets

· Test, results, performance results check sheets

· Materials selection lists (MTO)

· Data, debug screen capture, program listing and hardcopy printout

· Written reports, observations, including reasoning especially for higher levels of achievement.

Internal Assessment Resource

Achievement Standard Digital Technologies 91376: Implement advanced techniques in constructing a specified advanced electronic and embedded system 
Resource reference: Digital Technologies 2.49 v2
Resource title: Light guided vehicle
Credits: 3
	Achievement
	Achievement with Merit
	Achievement with Excellence

	Implement advanced techniques in constructing a specified advanced electronic and embedded system.
	Skillfully implement advanced techniques in constructing a specified advanced electronic and embedded system. 
	Efficiently implement advanced techniques in constructing a specified advanced electronic and embedded system.


Student instructions 

Introduction 

This assessment activity requires you to construct a light guided vehicle or system that meets specifications.

Teacher note: This assessment activity is based on making a line-following robot. However it could easily be adapted for another outcome or an automated control system.

In building the project you will need to develop a plan, to test and debug sub systems and build the final product. Your planning will not be assessed however it is considered good practice to have a plan to organise your thinking and assist with completion of your project.

You will be assessed on:

· whether your project meets the specifications

· your ability to apply techniques and testing procedures to construct and test reliable functional circuits with embedded software on PCB. The quality of the track layout and soldering as well as the quality of the embedded software and its documentation will be taken into account
· Your ability to write and debug well structured, clearly annotated and understandable embedded software, using extended features and specialised commands.

This is an individual task. You have 7 weeks (30 hours) of in-class time to complete it.

Teacher note: Adapt the time allowed to meet the needs of your students.

Prerequisite task 

Read the scenario or devise one that describes the need or opportunity you plan to address. For example:

A light guided system could be used as an automated escape vehicle, a vehicle that can follow a torch beam or on a photo-voltaic array to optimise the angle and performance to make the array track the position of the sun in the sky.
If your teacher has provided specifications for the line-following robot, read and absorb them. Alternatively, devise your own (see resources for an example) 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.)

Plan out your project and confirm it with your teacher. (See resources for an expected process.)

Familiarise yourself with the techniques you may need to use.  Ensure that you know how to apply these techniques.

When applying these techniques you must comply with relevant health and safety regulations.

Check that your plan describes how and when you will test your developing outcome. (See resources for information on testing.)

Decide how you will keep evidence though out the project of what you did, when you did it, how it worked, and how you addressed problems. Refer to resources for the types of evidence needed for assessment.
Task

· Produce a plan to construct and test reliable functional circuits on a PCB, with substantially improved track layout and soldering.
· Write well structured, clearly annotated, readily understandable embedded software with specialised commands/extended features and debug and test input and output devices. Then prototype and construct the advanced electronic embedded system and construct the final system.

· As you develop your project keep a record of what you do, including the results of all testing. 

· Select appropriate electronics components for an interface that links the light detection system to the microcontroller that will then control the output motors. Keep a record of how you have used datasheets or calculations to assist in selecting these components; circuits, diagram sketches of proposed ideas. 

· Model the Input and Output sub systems using a prototyping system. Write debugging programmes to test these input and output sub systems. 

· Record the debugging process, code and results clearly. 

· When you have completed the above tasks build a complete working prototype of the project using a suitable PCB system.

· Demonstrate to the teacher that your project meets the specifications.
Hand in for assessment your project and the documentation evidence. Evidence will be: The final project, debugging and final computer code, data sheets, sketches and circuit diagrams, debugging and test results, photographs and any other evidence of the construction and testing process.

Resources

Sample specifications

A light seeking vehicle:
· Tracks towards a light / window

· Automatically avoids / tracks around a large dark object

· Stops when it senses the edge of a flat surface or wall barrier.

A light following vehicle:

· Tracks towards a strong light source, torch, beacon etc

· Steers automatically towards the light source

· May avoids / track around a dark object

· Stops when light goes out. Starts when light comes on again.

A solar tracking array:

· Rotates a photovoltaic panel that can rotate about a single axis towards light / sun

· Automatically tracks to position of the sun / light

· After dark rotates the array back to a start position 

· Monitors and displays panel position, charge state.

Suggested process for the project 

The following is a guide of some examples of main stages, breakpoints or milestone points where progress can be checked off and evidence gathered, validated and processed:

· Confirm / agree the plan

· Choose the main methods / sub system strategy and design

· Select the materials

· Prototype, function test and debug the sub systems

· Record debugging code and testing results, circuits, sketches, circuits

· Put the sub systems together and confirm operability

· Test, debug, fine tune and refine circuits PCB and program code

· Build the project

· Test, prove, evaluate, report, present.

Evidence to be gathered the project 

Evidence gathering during the project should follow the main stages, breakpoints or milestone points in the process of making the electronic product. Evidence must be checked off, gathered, validated and processed. Evidence could include:
· A plan setting out the main points and parts of the project with check / done and date
· List of materials needed and used in the project

· Specifications of the devices used

· Initial sketches, circuit diagrams and any debugging or test results of the component subsystems

· Validated copy of the software used for debugging, testing and used in the final project
· Labelled and ID’d photographs taken at various stages of the testing, construction stages and the final project
· PCB artwork jpgs export images or photograph details of the PCB artwork. Detail photographs of the finished PCB top and bottom sides.

Materials

The microcontroller can be any system that the school is already set up with and students are familiar with.  A simple AA battery pack powered system is recommended to keep cost and complexity to a minimum.  The following range of resources could be used:

· A microcontroller system that the school uses or students are familiar with.  Micro controller, a programming setup, programmer, simulation software, programming lead

· A prototyping system for testing, simulation and debugging e.g. small solder-less breadboard for testing and trial programming, debugging, Kiwi-patch PCB  

· Range of Input sensors and devices depending on specification: Micro-switch, LDR, Ird LED and Ird Decoder, Photo transistor

· Resistors: 470, 10k, 22k and 4M7 ohm resistors

· Capacitors: 100nF ceramic, 100uF electrolytic

· LED’s: A range of LED are good for use in circuits for testing and providing in circuit monitoring and indication test points

· Piezo sounder to signal actions and alarm states 

· Range of Output devices depending on specification: P-9000 motor, Dual drive multi ratio gearbox, matching wheels, CR servo, H Bridge, BC337 transistors

· PCB editing and simulation CAD software. A matching PCB machining or etching system or PEBBLE Kiwi-patch Editor

· Soldering equipment

· Serial / LCD display to output information 

· Motor gearbox system, servo or a construction set that easily allows a gearing system to be included to manage the speed of the robot – this could be a construction set that includes all of the above components ready to plug and play, for example, PICAXE kits line-following platform.

Assessment schedule:  Digital Technologies 91376 Light guided vehicle

	Evidence/Judgements for Achievement 
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has:
implemented advanced techniques in constructing a specified advanced electronic and embedded system.

They have:

· developed and produced a printed circuit board (PCB) using PCB CAD software.
The student has produced a project made up of an embedded control system with associated input and output interfacing circuits on a PCB to meet specifications.

· constructed and tested functional circuits on PCBs 

Typically a single DIL IC package and or single PCB contains all the electronics for the project

Uniform copper track widths have been used for signal runs, power outputs and power DC rails and distribution

Soldering of PCB is functional. Soldered joints and connections are functional and secure. PCB links and minor track re-design and repairs acceptable

Evidence is produced of functional testing of the circuits and overall project works for example:

· A range of debug variable values is produced for a range of input light levels

· Motors can be controlled over a range of loads

· Completed functional test sheet of the project against specification signed off.

· written and debugged software that can manage an advanced electronic and embedded system

Software has been written and controls the system to specification

Software consists of a single main loop with conditional statements that control outputs

Annotation of code and labels describe basic function of system and how the software interacts and controls the hardware

Subroutines are not used

Symbols have not been used

This description relates to only part of what is required, and is indicative only.
	The student has:

skilfully implemented advanced techniques in constructing a specified advanced electronic and embedded system.
They have:

· constructed and tested reliable circuits on PCB, with improved track layout and soldering. 

The student has produced a project made up of an embedded control system with associated input and output interfacing circuits on a PCB to meet specifications.
Multi DIL IC package and or multiple single PCB’s may be built for example: Sensor, motor H Bridge drive sub systems

PCB Track artwork considers: A range of track width sizes used for signal, power outputs and power DC rails.  Care has been taken with track spacing and location. Components correctly dimensioned and fit PCB neatly 

Soldering is of a good standard.  PCB is clean and tidy with smooth secure soldered connections Use of heat shrinking, shielding and insulation.  

Wire runs to sensors and motors are tidy, organised and secure. 

Evidence is produced of reliable functional testing of the circuits and overall project works for example:

· Testing result sheets of debug input variables values have been recorded or plotted against input light levels

· Shows that functional testing is repeatable

· Project functions under a range of conditions and loads.

· written, debugged and annotated readily understandable software, that can manage an advanced electronic and embedded system.

Software is well structured and documented 

For example:

· A flow diagram, labels or top down structure tree defines the main structure of the code

· Code annotation reads well and by itself describes the operation of the system and how the software interacts with the hardware

· Code structured makes use of subroutine calls

· Symbols are used.

This description relates to only part of what is required, and is indicative only.
	The student has:

efficiently implemented advanced techniques in constructing a specified advanced electronic and embedded system.

They have:

· constructed and tested reliable functional circuits on PCB, with substantially improved track layout and soldering.

The student has produced a project made up of an embedded control system with associated input and output interfacing circuits on a PCB to meet specifications.
Multi DIL IC package and multiple single PCB’s have been built for example: Power supply, charging regulator, motherboard and sub, daughter board PCBs for sensor, motor H Bridge drive sub systems

Soldering is of a high standard. May incorporate SMD techniques, devices and packages 

Wire runs consider to sensors are secure and consider noise reduction screening, shielding, single point earthing techniques
Detail testing spec sheets are provided for each sub system with results that cover typical range of input conditions and output loads expected with physical and electrical units stated

The student is able to discuss problems, limitations and suggests improvements

Substantially improved, optimised  track layout utilises techniques are discussed and used such as:

· Noise reduction techniques: Screening, shielding and ground planes to reduce noise, reduce cross talk and reduce RFI.  Separate PCB areas (signal / power runs)

· Efficient, short track runs

· Thermal power dissipation.
· written and debugged well-structured, clearly annotated, and readily understandable embedded software which uses extended features and specialised commands (e.g. labels, macros, noise reduction techniques such as switch debouncing)

Software is well structured and documented

Extended commands have been used

For example

· Calls to subroutines library linked code that communicate with advanced digital sensors using I2C and specialised digital formats

· Macros or subroutines are used to scale values, store data, transmit data to local LCD or remote digital monitoring and de-bugging systems

· Software techniques such as digital filtering, averaging, dynamic thresholds and averages are used to overcome problems such as noisy, fluctuating signals, 50Hz light flicker, contact bounce etc.

This description relates to only part of what is required, and is 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.

Students could provide evidence across different modes. You may need to provide guidance or support to ensure that all students have the opportunity to explain clearly why they did what they did. 
Appendix A: A/M/E PCB Artwork and Examples
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Achieved - Single DIL Package, basic track layout
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Merit – Multi DIL Package, multiple track widths
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Excellence - Multi DIL Package, optimised multi width track layout

Appendix A: A/M/E Software Examples
· Achieved code snippet examples
[image: image7.jpg]Do
Right: HIGH 5: Pause 1: qti.BITO - IN3: INPUT 5
Center: HIGH 6: Pause 1: qti.BIT1 - IN3: INPUT 6
Left: HIGH 7: Pause 1: qti.BIT2 - IN3: INPUT 7
SELECT qti

CASE %010 *Forvard

PULSOUT 13, 850

PULSOUT 12, 650

CASE %011 ‘Pivot right

PULSOUT 13, 850

PULSOUT 12, 750

CASE %001 ‘Rotate right

PULSOUT 13, 850

PULSOUT 12, 850




   [image: image8.jpg]main

if input1 is on then go_f * forvard
if input2 is on then go_1 * left
if inputé is on then go_r * right
goto go_s * stop as no line nearby
go_f:
let pins - %10100000 * go forvard
goto main
go_1:
let pins - %00100000 * go left
goto main
go_r:
let pins - %10000000 * go right
goto main
go_s:
let pins - %00000000 * stop

goto main




· Merit code snippet examples
[image: image9.jpg]#include <servo.h>

1710 Pins
int pinL - 55 //Left Sensor 10 Pin

int pink - 13 77Right Sensor 10 Pin

int pinservo = 11; 77Servo PUM pin

int leftualue - 0 77The 1eft Sensor Ualue

int rightvalue - 05 77The right Sensor Ualue

int error -0; 77The Deviation betueen the 2 sensors

int errorAlG - 6; 77Errvor Average - Rolling 2 Point

int deadband - 10; /7Range for which to do nothing with output 10 = -10 to +10
17Servo Stuff

Servo hservo; 77The servo object

int Position = u5; /7Position to write out

int minPos - 5; 77Min Position

int maxPos - 150; 7/Max Position

Float output - (maxPos - minPos) /2; //Initial output Position



  [image: image10.jpg]void setup()

{

Serial.begin(9600) ;
hServo .attach(pinServo);
77Set Servo to Centre For Alignment Purpose
Serial.printin(“Hoving Servo to Mininum Position");
hServo.urite(minPos);

delay(5000) ;

Serial.println(“Hoving Servo to Maxinum Positio
hServo.urite(maxPos);

delay(5000) ;

serial.println(“Moving Servo to Mid-Point");
hServo.urite(output);

delay(5000);

Serial.println(“Going Live............





· Excellence code snippet examples
#PICAXE 08M

'Sample HopeRF HH10D humidity module program for May 2009 SiChip

'Ref resources => www.picaxe.orconhosting.net.nz/hopehum.htm

' SYMBOLS

SYMBOL humid
= 3

‘define and set an initial value

' VARIABLE DEFINITIONS


SYMBOL axefactr
= b2





SYMBOL Soh       
= w2        
'w2 = b5:b4       

SYMBOL diff       
= w3        
'w3 = b7:b6

SYMBOL RH        
= w4        
'w4 = b9:b8

' CONSTANTS - need to be read via I2C for each humidity sensor module

SYMBOL Offset  
= 7709

'HH10D offset calibration constant

SYMBOL Sens     
= 341               'HH10D sensitivity calibration constant

' MAIN PROGRAM

Main:

   COUNT humid, 1000, Soh
'read frequency (ie cycles in 1 second)  

   diff = Offset - Soh


'calculate difference 

   axefactr = diff / 19 + 1  

'factor prevents number roll over if >65535

   RH = 10 * Diff / axefactr * Sens
'int result (x10 gives possible 0.1 res)

   axefactr = 4096 / axefactr       
'a factor to prevent number roll over error

   RH = RH / axefactr             
'final value for RH%

   RH = RH / 10                   

'divide by 10 whole integer RH%

   SERTXD  ("RH% = ",#RH)
'Send serial formatted text message 

   PAUSE 5000                       
'wait for 5 seconds until next reading

GOTO Main

Appendix B: Photos 

General photos of a range of systems
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General photos of a general range of circuits and layout ideas
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Appendix C: Parts 

General photos of a range of types of parts
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Appendix D: Suppliers 

Mailtronics Ltd

Postal and Delivery Address

26 Lismore Way, Albany, Auckland, NZ

Telephone: 09 478 9798

Fax: 09 478 9799

E-Mail: sales@mailtronics.co.nz
www.mailtronicsnz.com
Surplustronics:

Store Address: 520 Queen St, Auckland City Find on map

Phone: (Queen St - Retail Store) (09) 302 0688

Fax: (09) 302 0686

Postal Address: P.O. Box 90439

Auckland Mail Service Centre

Sales Manager. Schools, Accounts (Receivable), Mail orders, Wholesale etc - Surplustronics rowan@surplustronics.co.nz
www.surplustronics.co.nz
Electroflash
Ph 03-3432525 
Fx 03-3432565 
Mob 027-2211365
E Les.Black@xtra.co.nz
A PO Box 31-211, 
Unit 4, 45 Acheron Dr, 
CHRISTCHURCH
http://www.electroflash.co.nz
Appendix E: Websites

Students should have access to sites that provide information relating to the microprocessor system they are using. For example:

www

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

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

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

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

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

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

www

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

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

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

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

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

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

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

HYPERLINK "http://www.rev-ed.co.uk"
uk  if they are using picaxe microcontrollers
www

HYPERLINK "http://www.legoengineering.com/"
.

HYPERLINK "http://www.legoengineering.com/"
legoengineering

HYPERLINK "http://www.legoengineering.com/"
.

HYPERLINK "http://www.legoengineering.com/"
com

HYPERLINK "http://www.legoengineering.com/"
/  if they are using LEGO Mindstorms
Useful resources include:

EAGLE printed circuit board design software from www

HYPERLINK "http://www.cadsoftusa.com"
.

HYPERLINK "http://www.cadsoftusa.com"
cadsoftusa

HYPERLINK "http://www.cadsoftusa.com"
.

HYPERLINK "http://www.cadsoftusa.com"
com 
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