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Abstract: Computer interfacing is a one of the key element in a computer based automation 

systems. In practice, computer interfacing is done by two approaches: (i) Utilising a standard 

industrial module (ii) by building up a custom module. The standard interface modules are 

expensive and building a custom interface module requires extensive knowledge of the 

computer hardware and their protocols. The proposed vision based computer interfacing 

utilizes optical transceiver circuits along with built in computer components such as monitor 

and camera. The proposed module utilizes dynamic visual patterns to transfer information 

between computer and real-world. The working of this interface module is demonstrated with 

the help of a computer control based conical liquid tank system. A graphical user interface 

was additionally developed to monitor this closed-loop system. These make this interfacing 

module as simple and less costly. 

 

Keywords: Computer vision, Computer interface, Closed-loop system, Visual pattern 

encoder, Visual pattern decoder  

 

1. Introduction 

 

Automation system found its applications in various domains such as process industries, 

power plants, robotics, household appliances, safety systems, electrical grids and so on. 

Reference [1] has addressed the introduction of automation in electrical grid lines. The design 

and development of automatic monitoring and controlling system for household electrical 

appliances have been reported in [2].The implementation of these systems improves the 

productivity, reliability, and quality of the product leads to reduce the labor and product cost. 

For its successful operation, an automation system executes the certain level of intelligent 

or computational algorithms and takes decisions in favour of environmental conditions. This 

demands a need for an interface to get knowledge about the physical environment and to 

implement the decision on the physical environment. Several techniques have been reported 

in the literature for computer interfacing with their unique hardware, protocols and data 

formats. Parallel port was the popular and fast for computer interfacing as suggested in [3]. 

However, it requires many wires and not suitable for long distance. Other interfacing 

techniques such as RS-232, RS-485, USB, wireless techniques are also available for 

interfacing, and each technique needs a special hardware and drivers. This makes computer 

interfacing costly and complex. 
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Computer vision based system has been widely reported in the literature to extract 

knowledge about the external environment due to its efficiency and ease of use. This 

technique employs a camera and image processing algorithms to infer knowledge about the 

physical system. Implementation of vision based automation system for applications such as 

assembly automation [4], industrial parameter monitoring [5-7] has also been reported. All 

these vision based systems use computer vision to infer or measure the physical parameter of 

the scheme. However, the proposed system not only uses computer vision to measures but 

also to command or manipulate the process to be automated. Thus, the proposed work aims at 

creating a complete vision based automation system. 

 

The proposed system consists of vision pattern encoder (VPE) and vision pattern decoder 

(VPD) which can be constructed using optical devices and few electronic components along 

with camera and monitor which is part of a computer as shown in Fig.1. This makes the 

proposed system to be low cost and simple to implement. Finally, a graphical user interface 

(GUI) is developed to interact and monitor the system. 

             

 

Fig. 1: Block diagram of the proposed system. 

2. Materials and Methods 

 

2.1 Visual Pattern Encoder 

 

An automation system needs feedback from the process to know the current trend and 

take control action to achieve the desired response of the process. Feedback is obtained from 

the sensor which will be calibrated to indicate the status of the process quantitatively. A 

visual pattern encoder (VPE) encodes this sensor signal in the form of image pattern such that 

the camera can acquire it. Then the computer extracts the quantitative information about the 

process using image process algorithms from the acquired image.   
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2.1.1 Hardware Description 

 

The VPE consists of an Analog-to-Digital Conversion (ADC) which translates the analog 

voltage into digital data. Next, these digital data are used to produce an image pattern using 

LEDs shown in Fig.2. These image patterns are captured by a camera interfaced to the 

computer and the computer process this image pattern to retrieve back the original data 

conveyed by the voltage signal. The camera was fitted focusing the visual pattern as its 

region of interest (ROI).  

 

2.1.2 Software Description 

 

The visual pattern acquired from the camera is processed by various image processing 

algorithms to extract the measurement data. Initially, the obtained colored image was 

converted into binary image with high threshold value in order to capture the LEDs which are 

in on state. Then the image was segmented spatially in vertical axis into ‘N’ segments, where 

N is the number of bits in ADC. Using histogram technique the brightness of each segments 

are examined. The segment having brightness beyond the threshold corresponds to the LED 

on state and the bit corresponding to that segment was assigned as 1 and bit 0 was assigned 

when the brightness is less that the threshold value corresponding to LED off state. Once the 

binary data ( ib ) was obtained, it can be retranslated to the measurement data with a calibrated 

gain ( hG ) and offset ( oh ) values as in equation 1.  
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Fig.3 illustrates the various image processing techniques and a sample output across various 

stages to get the feedback signal.   

          

 
 

Fig. 2: Hardware of VPE 
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 Fig. 3: Images processing in VPE 

2.2 Visual Pattern Decoder 

          

   Once the computer gets feedback signal, the control algorithm is executed to decide about 

the control action that has to be performed. This control signal has to be propagated to the 

actuator such that it will manipulate the process to get the desired response. The proposed 

system has a novel technique to decode this control signal from computer to the actuator 

understandable format (voltage or current signal).  In this technique, the computer displays 

the control action in the form of visual pattern in computer monitor. A visual pattern decoder 

(VPD) converts this visual pattern into electrical signal such that it can be applied to the 

actuator. 

 

2.2.1 Software Description 

Computers can generate data in the form a visual pattern which can be projected on the 

computer monitor. A visual pattern is basically a predefined image in black and white 

displayed on a certain location of the monitor as shown in Fig.4. A graphical user interface 

(GUI) was designed to translate the control signal from the control algorithm into a binary 

visual pattern and display it on the monitor. A logic-0 is represented by black followed by a 

white image such that it will create a voltage well below the voltage logic level (VLH-voltage 

logic low high). Logic-1 is represented by white followed by the black image to create a 

voltage well above the voltage logic level (VHL-voltage logic high low). Thus, the visual 

pattern creates a differential mode of the signal which can make the system to be robust from 

common mode signals such as monitor brightness or any other noises in the display. 

 

 

Fig.4. Sample visual patterns for decoding 
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2.2.2 Hardware Description 

 

The visual pattern decoder (VPD) consists of an array of light dependent resistors (LDR) 

network and a digital to analog converter (DAC) which can translate these visual patterns into 

the corresponding electrical signal as shown in Fig.5.  

 

 

Fig. 5: Hardware of VPD 

Each LDR network has two LDRs connected in series combination supplied by a constant 

DC voltage source. The value of supplied voltage will be equal to the logic high level of a 

DAC. The voltage drop in between these LDRs was connected to the logic input of the DAC. 

Every individual LDR network was subjected to the visual pattern produced in the GUI. The 

LDR exhibits a low resistance when it was exposed to white image and a high resistance was 

observed in black image. A visual pattern of logic-0 creates a low voltage drop and the 

pattern of logic-1 produces a high voltage drop across each LDR network. Thus, the LDR 

network acts as logic switch to translate the visual pattern into a binary signal. Finally, these 

binary signals are converted into current or voltage signal using DAC circuit. 

 

 

 

2.3 Implementation of Proposed Interfacing Module  

Conical tank system exhibits a non-linear behavior when it comes for relationship 

between its height and liquid inflow to the tank. Hence, a conventional linear proportional 

and integral (PI) controller is inaccurate in controlling the liquid level over the entire region 

of the tank. An adaptive PI controller [8-9] which have gain scheduling algorithm to schedule 

the controller gains in according to the change in its operating point (level) was implemented 

on the computer. The liquid level of the conical tank was measured using differential pressure 

transmitter (DPT) which will produce a conventional current signal of 4-20 mA according to 

the level. The VPE of the proposed system was used to translate this current signal in to a 

visual pattern. This visual pattern was acquired by the camera and processed in computer to 

get the present liquid level in the tank. The computer executes the adaptive PI controller 

algorithm to produce the control signal. This control signal was translated into a visual 

pattern to be displayed on the monitor. The VPD decodes this visual pattern into a 

conventional current signal of range 4-20 mA which can be given to a current to pressure 

(I/P) converter.  The pneumatic signal produced was used to control the control valve which 
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in turn controls the liquid inflow to the tank. Thus, a closed-loop automation system was 

achieved using the proposed interfacing platform. 

A GUI was also developed to interact with the user and to display the system 

parameters graphically as shown in Fig.6. It contains the preview of the visual pattern to 

extract the information about present level in the tank on the left side and a vision pattern 

generated to command the required amount of inflow rate on the right side. The operator has 

the capability to change the set point and has features to operate the plant manually. Figure 7 

illustrates the real time implementation of the proposed system. 

2.4 Limitations 

 

Even thought the proposed system seems to be simple and provides an efficient 

interfacing platform, it suffers certain limitations also. The visual patterns for decoding have 

to be maintained in the same position of the screen. This limits certain area of the monitor not 

to be accessible by the user and the visual pattern should be maintained throughout the run-

time of the process. And also the vision pattern generator in VPE has to be properly isolated 

from ambient light variations such the camera captures the optimal visual pattern. 

 

Fig. 6: GUI for adaptive PI control of conical tank 

 

Fig. 7: Real time Implementation of adaptive PI control of conical tank 
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3. Conclusions 

Thus a low cost interfacing platform was designed using dynamic visual patterns which 

can send and receive data from computer in the form of visual patterns. The software and 

GUI part of interfacing was designed using MATLAB and its GUIDE (Graphical user 

interface development environment) package. The proposed designs was implemented and 

tested in Single Input Single Output (SISO) system. Finally, it is pointed out that the design 

proposed in this work can be extended to the Multiple Input Multiple Output (MIMO) 

systems. 
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