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I. Objectives of the Virtual Lab

This project is concerned with design and development of remote triggered Digital Systems Laboratory. Individual setup would be built for each experiment using ICs (logic gates, MUXes, DeMUXes, Encoders, Decoders, Flip-Flops) mounted on a programmable logic trainer kit. The setups would be accessed using a Web based interface so that the experiments may be accessed through Internet. Students have to understand the problem of the experiment properly and develop the circuit in a circuit design software (which will be available in the virtual lab as downloadable), using a pre-defined of subset of ICs and interconnecting relevant pins. Also, Inputs and Outputs (of the circuit being designed) would be connected to DIP switch and LEDs, respectively in the software. Now students can upload their design in the web interface. The software will save the information regarding the ICs used, the interconnections and the inputs/outputs. The information will be transferred to the server in the laboratory to which all the setups on programmable logic trainer kits will be connected (through USB/parallel port, depending to type of kit being used). In each logic trainer kit, in addition to ICs, there will be a programmable switch which can connect relevant points in the bread-board (of the kit). The switch will be programmed according to the interconnection and I/O information sent by the design software.  Inputs for the experiments will be given by controlling the function generators and the DIP switches using a virtual instrumentation based software (via web interface). The output will be observed in web interface which takes input from the programmable logic trainer kit via virtual instrumentation based software. Also webcam will be provided to see the effect of the experiment, when some physical object (like seven segment) is to be observed. 

II. List of experiments 
· Experiment 1 aims at familiarization of ICs, logic trainer kit, interconnections, giving input/output etc. 

1. Testing of Logic gates in ICs 

· Verification of truth table of basic gates like 2-input NAND using 7400LS, NOT gate using 7404LS, AND gate using 7408LS etc.
· Experiment 2 through Experiment 6 aim at study and implementation of combinational circuits.

2. Implementation of Boolean functions using Gates 
· Minimization of Boolean functions and implementing the function using basic gates available as packaged ICs like 7400, 7402, 7404, 7408 etc.  

3. Implementation of Boolean functions using MUX/DEMUX
· Minimization of Boolean functions and implementing the function using multiplexers and demultiplexers available as packaged ICs like 74153, 74139 etc.  Also logic gates can be used for the implementation. 
4. Arithmetic Circuits: Half Adder/Full Adder, 2’compelment adder, substractor, multiplier etc.

· Deriving minimized Boolean functions for arithmetic circuits like HA, FA, multiplier etc. and implementing the function using gates available as packaged ICs.

5. BCD to Seven Segment Display

· Displaying BCD number in a 7 segment LED display, using 7476 decoders. 
· Experiment 3 through Experiment 11 aim at study and implementation of sequential circuits.

6. Flip-Flops

· Verification of truth table of different flip-flops like J-K, D etc. using packed ICs like 7476, 7474.

· Conversation of one type of flip-flop to another using logic gates. 

7. Counters

· Design and implementation of different types of counters (up/down/mod-N, ring, Johnson etc.) using flip-flops and logic gates (packed ICs)

8. Shift Registers

· Design and implementation of shift registers (left/right) using flip-flops and logic gates (packed ICs). 

9. Sate Machine implementation

· Design of state machines based on specifications (e.g., output is 1 if there are even number of 0s in a 10 bit Binary number, else 0). Implementation using gates and flip-flops (packed ICs). 

III. Adherence to the syllabi of the following universities       

These experiments are part of standard laboratory course on digital system followed by almost any university (AICTE approved)
IV. Budget
Table I.  Budget for Remote Triggered Digital System Laboratory
	SN
	Equipment/Activity
	Budget

(Feb‘11 – Mar ‘12)
(Lakhs)

	1
	Hardware, software and other equipment
	40

	2
	Salary
	5.5

	3
	Travel 
	1

	4 
	Consumables 
	1.5

	5
	Contingency 
	0.5

	6
	Miscellaneous
	0.5

	
	TOTAL
	49


V. Justification of the Budget requirement
(a) Details of Hardware and other equipment
i. One server (Broad specifications: Quad Core Processor, 8MB L2 cache, 500 GB HDD SATA, 8GB RAM, LCD Monitor)….1 Lakhs
(Tentative price as per IIT G purchase order: R&D/07/1132/ME/P/DB/02/2010-11)

ii. PCs (one for each set of experiments)
Broad specifications: Dual Core Processor, 3MB L2 cache, 300 GB HDD SATA, 2GB RAM, LCD Monitor)
(Tentative price as per IIT G purchase order: S&P/35/COMP-50/ /2010-11)

……………………………………………….….25,000 *10 =2.5 Lakhs
iii. Network switches (16 Ports)

Broad specifications:  16-Port managed Gigabit switch……25, 000 (approx) (http://www.indiapricelist.com/?p=807)
iv. Programmable Logic Trainer Kits (one for a set of experiments)
Broad Specifications: Logic Trainer Kit, Inputs/outputs controllable through virtual instrument S/W, interconnections in the ICs mounted in the trainer kit via switch controllable using virtual instrument S/W 
(Example, Elvis Board of NI, http://sine.ni.com/nips/cds/view/p/lang/en/nid/13137)

…………………………….………..3 Lakhs each * 5 Nos= 15 lakhs 

v. PXI switches (one for a set of experiments)
Broad Specifications: Create matrices of cross points among the pins of the ICs mounted on the Logic Trainer Kit. This should enable interconnection between different pins of the ICs remotely, using   virtual instrument S/W. 

(Example, PXI switch of NI, http://sine.ni.com/nips/cds/view/p/lang/en/nid/2083
……………………………….……3  Lakhs each * 5 Nos= 15 lakhs 
vi. HD and high resolution Web-cam
(http://www.logitech.com/en-in/webcam-communications/webcams/devices/6816)

500 each * 10 Nos= 50,000 
vii. Printer (Laser for small office)……………….……..25,000 (approx)
(http://h10010.www1.hp.com/wwpc/in/en/ho/WF02a/18972-18972-3328059.html)
(b) Details of Software 
   (i) Virtual Instrumentation software for Programmable Logic Trainer Kit

   (E.g., NI Lab view, http://sine.ni.com/nips/cds/view/p/lang/en/nid/2454)

    …………………………………………….…….10 Licenses 5.5 Lakhs

(c) Details of Manpower (no., cost per man-months, honoraria etc)

i. No. of project staff; One Associate Project Engineer (19, 000 Per Month) and one Assistant Project Engineer (15,000/- Per Month). + HRA and Medical
(d) Details of Travel
a. It may be required to go to some company to finalize the prototype of the experiments setup. 

b. Travel for field trail

c. Travel to attend project meetings 

(Budget: 

Company visit: Guwahati---Balgalore/Mumbai/Pune----15, 000 (approx, per person/trip, 3 trips)

Field trial—Will be done in local institutes in Guwahati------2500 (approx), 10 trails

Project meetings: Guwahati---Hydrabad--- 15, 000 (approx, per person/trip, 2 trips in 1 year)

Total cost approx. 1 Lakhs)
(e) Details of Consumables

i. ICs, Paper, Printer cartridge, Storage media  etc.

(We require quite a good number of ICs and consumable electronic components. Some may be kept spare for replacement when the lab. is functional after its development )

(f) Details of Miscellaneous cost
i. Production/manufacturing cost: We need to develop customized programmable logic trainer kit

VI. Virtualization
· How do you intend to virtualize the experiments?

The real experiment setup will be available in the laboratory of our institute. The setup would involve placing the ICs in the bread-board of the logic trainer kits and making the VDD and Ground connections. Other pins of the ICs would be connected to the switch (via bread-board) which can be configured to make relevant interconnections. It may be noted that mistakes in VDD and GND connections may damage the setup, so flexibility will not be given for connecting them. These experiments will be accessible through Internet.  Students need to design the circuit in a design software (which will be developed and kept available in the virtual lab web-site for download), using a pre-defined of subset of ICs and interconnecting relevant pins. Also, Inputs and Outputs (of the circuit being designed) would be connected to DIP switches and LEDs, respectively in the software. The software will also give warnings if non-compatible connections are made like inputs given (using DIP switch) to output pins of an IC etc. Once the design is free of warnings the students can upload their design in the web interface using the design software. The software will save the information regarding the ICs used, the interconnections and the inputs/outputs. The information will be transferred to the server in the laboratory to which all the setups (on programmable logic trainer kits) will be connected. In each logic trainer kit, in addition to ICs, there will be a programmable switch which can connect relevant points in the bread-board (of the kit). The switch will be programmed according to the interconnection and I/O information sent by the design software.  Inputs for the experiments will be given by controlling the function generators and the DIP switches using a virtual instrumentation based software. The information given regarding inputs (by the design software) would configure the function generators and the DIP switches in the programmable logic trainer kit accordingly, using the virtual instrumentation software. The output will be observed in web interface which takes input from the programmable logic trainer kit via virtual instrumentation based software. Also webcam will be provided to see the effect of the experiment, when some physical object (like seven segment) is to be observed.

· How will the student get a feel for a ‘real lab’?

· List of problems related to an experiment setup will be available at the home page of the virtual laboratory. Any student can design the circuit in the GUI based design software by selecting a sub-set of relevant ICs and interconnecting them. The ICs and the setup in the bread-board can be viewed using web-camera. This is similar to the real experiment where the students place ICs in a bread-board and interconnect them physically. Due to non-availability of chips and test facilities in some institutions, one can only design and simulate digital deign. In this virtual lab, all students will be able to upload their design through the Internet interface. They will be able to monitor the output from programmable logic trainer kit using virtual instrumentation software (when output is signals) and web camera when output is physical movements or observations. 

· Will you be using animations?

· Very less.

· Will you use audio and video tutorials?

· No
VII. Target Group
· UG 

VIII. Technology Used
· Software to be used for Web interface

· Standard web interface, Students can access this lab through standard browser.

· Software to be used for back-end

· We will develop some software where simple digital circuits using ICs can be drawn and the information regarding interconnections and ICs would be sent to the remote lab via web interface.

· Hardware

· Programmable logic trainer kit, ICs, Accessories like seven segment display etc.

· Any other

· Virtual instrumentation software.

IX. Documentation
· Online manual

· Online manual will be available.

· Step-by-step procedure

· Explanation will be available for each experiment.

· Quiz for Self-evaluation

· may provide.

· Related resources

· List of related resources will be provided

· Additional help

X. Expected outcome
· Hardware/software

· Experiment setup will be prepared and each setup will be kept ready all the time in the laboratory.

· Website

· We have to create a website to access the experiment of the laboratory based on pre-booked. slots

· Manual and related material

· Available online

· Feedback from Field trials

· Feedback will be collected from web interface after each experiments from the students 

XI. Student Feedback and Learning
· How will you collect feedback and use them?

· May use bulletin board, user forum etc.

· What is the actual learning component?

· How to analyze and design a simple combinational and sequential digital circuit. After design phase is over, one can check or test it with the help of this virtual laboratory.

· After the Virtual Lab experience, can the student perform the experiment in the real lab?

· Yes.

XII. Productionization
· Plan for Ruggedization
· Connections that may lead to damage of the setup (like shorting VDD and GND) will be hard wired and those cannot be configured remotely by students. 
· Plan for internal testing and debugging
· First we will set up the experiments and carry them out physically in the laboratory. Following that, the experiments would be repeated using the virtual instrumentation software and web interface from a remote lab in the institute. Bugs if any will be fixed at this stage. 
· Plan for external testing

After successful internal testing and debugging, the same test setups will be accessed for remote labs of other nearby institutes. This will help us in performing external testing and debug. 
XIII. Proposed Lab Availability
· Number of users that can be supported simultaneously
· If there are N experiments, then simultaneously N students can access the real setup. But during that time rest of the users can carry out other relevant works like designing the circuit, debugging etc. and make the background for the experiment ready.
· Number of hours per day(24 Hrs) the lab will be available to students

· The lab can be accessed 24 hours but slots need to be booked previously. The off-line exercises like designing the circuit can be carried out at any time. 
XIV. Amenable to Scaling-up
· What is the expected number of students, nationally, who might use this lab virtually (rough estimate)?
· At present we will have one setup for each experiment. All of them can be performed parallely. However, one set up can be used at a time and students need to pre-book the slots. There is no limit on the number of off-line exercises that can be done parallely, however, subject to bandwidth and server capacity. 
· How do you propose to scale-up to a large number of students?

· By procuring more setups

· By having high end server

· By having high bandwidth Internet

· In future, if some other institute is ready to host the virtual lab. the setup may be replicated.  

XV. Plan for popularization of the Virtual Lab
How do you plan to popularize your Virtual Lab (tick):

( ⨯ ) Local Workshops   ( ⨯ ) Website  ( ⨯ ) Print Media  

(  ) Others (please specify): 
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