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ABSTRACT 

Vending machines are used to dispense small 

different products, when a coin is inserted.Nowadays, 

Vending Machines are well known among Japan, 

Malaysia and Singapore. The quantity ofmachines in 

these countries is on the top worldwide. This is due to 

the modern lifestyles which require fastfood 

processing with high quality. This paper describes the 

designing of multi select machine using FiniteState 

Machine Model with Auto-Billing Features. Finite 

State Machine (FSM) modelling is the most 

crucialpart in developing proposed model as this 

reduces the hardware. In this paper the process of 

four state(user Selection, Waiting for money 

insertion, product delivery and servicing) has been 

modelled usingMEALY Machine Model. 
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I.INTRODUCTION 

Vending Machines are used to dispense various 

products like Coffee, Snacks, and Cold Drink etc.when 

money is inserted into it. Vending Machines have been 

in existence since 1880s. The firstcommercial coin 

operated machine was introduced in London and 

England used for selling postcards. The vending 

machines are more accessible and practical than the 

convention purchasingmethod. Nowadays, these can 

be found everywhere like at railway stations selling 

train tickets, inschools and offices vending drinks and 

snacks , in banks as ATM machine and provides 

evendiamonds and platinum jewellers to customers. 

The FPGA based machine is also moreflexible, 

programmable and can be re-programmed. But in 

microcontroller based machine, if onewants to enhance 

the design, he has to change the whole architecture 

again but in FPGA user caneasily increase the number 

of products. 

 

In this paper a new approach is proposed to design an 

FSM based Vending Machine withauto-billing 

features. The machine also supports a cancel feature 

means that the person canwithdraw the request and the 

money will be returned back to the user. The user will 

get a bill oftotal number of products delivered with 

total price. This machine can be used at various 

placeslike Hotels, Restaurants and food streets. This 

reduces the time and cost. 

 

A. Operation of Vending Machine 

 When the user puts in money, money counter 

tells the control unit, the amount of 

moneyinserted in the Vending Machine.  

 When the user presses the button to purchase 

the item that he wants, the control unit turnson 

the motor and dispenses the product if correct 

amount is inserted. 

  If there is any change, machine will return it 

to the user. 

 The machine will demand for servicing when 

the products are not available inside the 

machine. 

 

B. FSM (Finite State Machine) 

In a Finite State Machine the circuit’s output is defined 

in a different set of states i.e. each outputis a state. A 

State Register to hold the state of the machine and a 

next state logic to decode thenext state. An output 
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register defines the output of the machine. In FSM 

based machines thehardware gets reduced as in this the 

whole algorithm can be explained in one process. 

 

Two types of State machines are: 

MEALY Machine: In this machine model, the output 

depends on the present state as well as onthe input. 

The MEALY machine model is shown in figure 1. 

 
Figure 1: MEALY Machine Model 

 

MOORE Machine: In Moore machine model the 

output only depends on the present state. TheMOORE 

machine model is shown in figure 2. 

 
Figure 2: MOORE Machine Model 

 

The paper is organized as: section 2 describes the 

related work. Section 3 relates theimplementation of 

Vending Machine and section 4 gives the design 

methodology with descriptionof states. Section 5 and 

section 6 shows simulation results and conclusion 

respectively. 

 

II.RELATED WORK 

Various researches have been carried out in order to 

design the Vending Machines. A few of themare 

discussed here as: FauziahZainuddin [1] proposes a 

vending machine for steaming frozenfood using 

conceptual modelling. In which the process of three 

main states (user selection state,freezer state and 

steaming state) has been modelled using process 

approach, which emphasized onthe process flow or 

control logic to construct the model for steamed buns 

vending machineapplication. Conceptual modelling is 

described in [6]. In [4] the concept of automatic 

mobilepayment is discussed. Thee various methods of 

designing Verilog HDL basedmachines are discussed 

in [2], [3] and [9]. Also in [5] the passenger’s 

requirements for ticketingsystem are given. In [7] a 

coffee vending machine is designed using single 

electron encoded logic (SEEL). 

 

III.Implementation Of Vending Machine 

In this paper a state diagram is constructed for the 

proposed machine which can vend fourproducts that is 

coffee, cold drink, candies and snacks. Four select 

(select1, select2, select3, select4) inputs are taken for 

selection of products. Select1 is used for the selection 

of snacks. 

 

Similarly select2, select3, select4 are used for coffee, 

cold drink and candies respectively. Rs_10and rs_20 

inputs represents rupees 10/- and 20/- notes 

respectively. A cancel input is also usedwhen the user 

wants to withdraw his request and also the money will 

be returned through thereturn output. Return, product 

and change are the outputs. Return and change vectors 

are sevenbits wide. Money is an in/out signal which 

can be updated with the total money of all 

productsdelivered at a time. Money signal is seven bits 

wide. Money_count is an internal signal which canbe 

updated at every transition. This signal is also seven 

bits wide. If the inserted money is morethan the total 

money of products then the change will be returned 

through the change outputsignal. The products with 

their prices are shown by table 1.  

Table 1: Products with their prices 
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Table 2: Inputs/Outputs with Remarks 

 
 

There are also two input signal clk and reset. The 

machine will work on the positive edge of clock and 

will return to its initial state when reset button is 

pressed. The proposed vending machine is designed 

using FSM modelling and is coded in Verilog HDL 

language. The detail of the entire signal with their 

direction and description is shown in table 2. 

 

IV.DESIGN METHODOLOGY 

The state diagram mainly consists of four states (User 

Selection, Waiting for the money insertion, product 

delivery and servicing (when 

product_not_available=’1’)). Initially when the reset 

buttonis pressed, the machine will be ready for the 

users to select the product. This state is the initialstate 

of the design. After this the user will select the product 

to be dispensed.This state can beone of the select1, 

select2, select3 and select 4. The machine can accept 

only two types of notesi.e. rupees 10/- and 20/-. Let us 

suppose that the user selects sel1 input. The machine 

will firstlycheck that whether the products are 

available in the machine or not. After this the control 

unit willmove to the waiting state, where it will wait 

for the money to be inserted. Then if rupees 10/- noteis 

inserted then the machine will go to state_1 and wait 

until the desired money is inserted. And ifrupees 20/- 

note is inserted the machine will move to state_2 and 

then wait until 30/- rupees areinserted to the machine. 

When the desired amount is inserted the machine will 

go to the snacksstate and snacks will be delivered at 

the product output. If products are not available in 

themachine then the control unit will demand for 

servicing and after service the machine will getreset. 

This methodology is explained using a flow diagram 

shown in figure 3. 

 
Figure 3: Flow Chart for Proposed Vending Machine 
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There is also an additional feature of withdrawing the 

request if the user doesn’t want to take theproduct. 

When cancel button is pressed then the money inserted 

will be returned to the userthrough the return output. A 

money_count signal is used for calculating the total 

money insertedin the machine. And if the money 

inserted is more than the money of the product then the 

extrachange will be returned to the user. The total 

amount of the product taken at a time is shown bythe 

money signal. Similarly the user can select and get the 

other products following the aboveprocedure. 

 

Description of states 

The selection of products and all the states are shown 

below in figure 4. 

• When initialize=> 

money_count=>0; 

 Change=0; 

 Product=0; 

• When select1=> 

Sel1&!sel2&!sel3&!sel4 

When product_available=1 => nx_st1<= 

waiting1; 

When product_available=0 => nx_st1<= 

service1; 

• When waiting1=> 

When rs_10&!rs_20 => nx_st1<=state_1; 

When !rs_10&rs_20=> nx_st1<= state_2; 

Change=0; product=0; 

When money_count>=30 nx_st1<= snacks; 

• When state_1=> 

Rs_10=1 & rs_20=0; 

Change=0; Product=0; 

Money_count=money_count+10; 

• When state_2=> 

Rs_10=0 & rs_20=1; 

Change=0; Product=1; 

Money_count=money_count+20; 

• When snacks=> 

Money_count>=30; 

Product=1; 

Change=money_count-30; 

Snack_count=snack_count-1; 

• When service=> 

snack_count= 4 

product<=0; 

next_state<=resett; 

• When cancel1=> 

cancel=1; 

return<=money_count; 

Similarly we can select other products (coffee, Cold 

drink and candies). 

 
Figure 4: Finite State Machine Diagram of Vending 

Machine 

 

V.SIMULATION RESULTS 

The state diagram shown in figure 4 is simulated using 

Xilinx ISE Simulator. RTL Schematics and Simulation 

Waveforms for the selection of four products is shown 

in figure 5 and 6 respectivelywith servicing feature 

when products are not available in the machine and 

change return featureswhen the money inserted is more 

than the money of the product.Let us take an example 

that the user wants to take Snacks. When one selects 

sel1 button, themachine will check that whether the 

products are available or not, if available then it will 

go tothe waiting state and wait for total money 
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insertion. If rs_10 note is inserted it will go to 

state_1and if rs_20 note is inserted it will so to state_2 

and check whether money_count>=30 or not. 

Ifthemoney_count>- 30 then machine will go to state 

snacks and vend the product. 

 

 
Figure 5: RTL schematic of 4 candies vending 

machine. 

 
Figure 6: Simulated results of 4 candies vending 

machine. 

The design summary of the proposed machine. 

 
 

VI.CONCLUSION 

The present vending machine controller is 

implemented using FSMs with the help of Xilinx ISE 

Design Suite 9.2. State machines based vending 

Systems enhances productivity, reduces system 

development cost, and accelerates time to market. Also 

FPGA based vending machine give fast response and 

easy to use by an ordinary person. The designed 

machine can be used for many applications and we can 

easily enhance the number of selections.Also we can 

monitor the FPGA based vending machine with the 

main frame computer. Its algorithm is very flexible 

and reliable as the vendor can easily enhance the 

algorithm for large number of products and coins 

ofdifferent denominations at low cost as compared to 

microprocessor based vending machine. 

 

REFERENCES 

[1]FauziahZainuddin, NorlinMohd Ali, 

RoslinaMohdSidek, AwanisRomli, NooryatiTalib & 

Mohd.Izham Ibrahim (2009) “Conceptual Modeling 

for Simulation: Steaming frozen Food Processing 

inVending Machine” International Conference on 

Computer Science and Information 

Technology,University Malaysia Pahang, pp.145-149. 



 
 

 Page 2254 
 

 

[2] Xilinx Inc., Spartan 3 Data sheet: http://ww 

w.xilinx.com. 

 

[3] Bhaskar “VHDL primer” Second Edition, 

 

[4] Peter Minns& Ian Elliott, “FSM-based Digital 

Design using Verilog HDL”, John Wiley & Sons 

Ltd2008. 

 

[5] Zhang Wen & Zhang Xin Long (2010) “Design 

and Implementation of automatic vending 

machineBased on the short massage payment” 

International Conference on Information and 

Communicationtechnology in Electrical Sciences, 

Neijiang, Sichuan, China.pp.978-981. 

 

[6] B. Caulfield & M.O Mahony (2005) “Passenger 

Requirements of a Public Transport TicketingSystem” 

Proceedings of the 8th International IEEE Conference 

on Intelligent Transportation SystemsVienna, Austria, 

pp-32-37. 

 

[7] M. Zhou, Q. Zhang & Z. Chen (2006), “What Can 

Be Done to Automate Conceptual 

SimulationModelling?” Proceedings of the 2006 

Winter Simulation Conference, pp. 809 – 814. 

 

[8] Biplab Roy &Biswarup Mukherjee (2010) “Design 

of Coffee Vending Machine using SingleElectron 

Devices” Proceedings of 2010 International 

Symposium on Electronic System Design. Pp38-43. 

 

[9] C. J Clement Singh, K Senthil Kumar, 

JayantoGope, SumanBasu&Subir Kumar Sarkar 

(2007) “Single Electron Device based Automatic Tea 

Vending Machine” proceedings of 

InternationalConference on Information and 

Communication Technology in Electrical Sciences 

(ICTES 2007) , pp891-896. 

 

[10] P. Smith (1997) “Automatic Hot-food Vending 

Machine,” Trends in Food Science & 

TechnologyOctober 1997, Vol. 81, and pp. 349. 

 

[11] J.Komer (2004) “Digital logic and state machine 

design”, 2nd ed., Oxford. 

 

[12] Muhammad Ali Qureshi, Abdul Aziz & Hafiz 

FaizRasool “Design and Implementation of 

AutomaticTicket System using Verilog HDL” 

proceedings of tnternational conference on 

InformationTechnology, pp- 707-712. 


