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Abstract—Digital logic circuit diagrams form one of the first 
steps in the design process of ASIC design.  It is then necessary to 
convert the logic diagram into Register-Transfer Level (RTL) 
language such as Verilog.  The Verilog code can then be fed into 
simulation environment to visualize the operation of the circuit.  
To speed up the design process, it would be beneficial to have an 
environment that can capture digital circuit diagrams and 
generate the RTL code for the logic.  The logic diagram 
recognition engine is implemented for this purpose.  The project 
uses morphological image processing and keypoint detection 
techniques to detect the logic gates in the diagram and the 
connections between the gates. 
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I. INTRODUCTION 
The application of image processing in various fields has 

exploded over the past decade.  The use of image processing 
has become ubiquotous in our day-to-day life, from cars 
detecting lane deviation to cellular phones detecting user’s 
wandering eyes. 

While image processing techniques have been present for 
quite some time, the improved computational power of 
processors has allowed image processing techniques to be 
applied for applications not considered earlier.  Moreover, 
improvements in image processing techniques have spurred 
the growth of image processing.  One key advance is the 
Scale-Invariant Feature Transform (SIFT) technique for 
pattern matching [5].  The problem with traditional pattern 
matching was that it was highly scale-dependent.  When the 
expected pattern is of one scale and the test image is of a 
different scale, the pattern was not detected properly.  With 
scale-independent matching techniques, the pattern was 
checked at various scales and each keypoint was denoted with 
its associated scale and orientation.  The SIFT algorithm 
further refines the pattern matching accuracy and is briefly 
described below. 

A. SIFT algorithm 
SIFT algorithm performs Gaussian blurring of the image 

pattern repeatedly.  The difference in image between 
subsequent blurring operations are gathered and stored as 
separate levels.  Keypoints are then detected at each level by 
checking for local minima and maxima points.  These 
keypoints are compared with nearby levels and reduced 
further.  Along with the location and scale level, the 

orientation of the keypoint is also stored.  The orientation of 
the keypoint indicates the direction in which there is the 
largest difference among the neighborhood pixels.  This is 
computed by gathering a block of 16x16 pixels around the 
keypoint.  The block is divided into 16 4x4 sub-blocks in-turn.  
The orientation of each pixel in a sub-block is first computed 
and grouped together.  The orientation descriptions of sub-
blocks are then processed together to obtain the orientation for 
the entire 16x16 neighborhood and this is assigned to the 
keypoint. 

Once the keypoints are gathered on both the expected 
pattern image and test image, the keypoints are compared 
using scale and orientation information as well as information 
about its nearest neighbor keypoint.  Keypoints are mapped 
based on close match between the expected pattern image and 
the test image.  Hough transform can also be used to identify 
the keypoint assignment that yields the best result. 

B. Digital logic circuit diagrams 
Digital logic circuit diagrams describe the behavior of 

circuit using basic gates as building-blocks.  Fig.  1 shows an 
example of a circuit diagram.  An AND gate, OR gate, 
inverter gate and buffer gate are shown in the diagram.  The 
output of an AND gate is logic high only if all inputs are logic 
high.  The output of an OR gate is logic high if any input is 
logic high.  The buffer propagates the logic level of the input 
signal while the inverter inverts the input logic level.  The 
connections in the figure show how the gates work together. 

Verilog RTL provides a textual description of the circuit 
diagram. 
 

 
Fig. 1.  Digital logic circuit diagram 



II. ALGORITHM AND DESIGN 
Fig.  2 gives a high-level block diagram of the logic circuit 

recognition engine. 
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Fig. 2.  Logic circuit recognition engine block diagram 

A. Transfer to server 
The logic circuit recognition engine requires an image of 

the logic circuit to start the processing.  The image can be 
provided through a webpage interface.   

The webpage calls a php script that stores the image file in 
a server machine.  Instead of starting a new matlab session, 
the server keeps a matlab session running in the background.  
The php script notifies the matlab session by creating a hand-
off file.  The matlab server waits for the hand-off file 
perpetually and when it sees the hand-off file present, it starts 
the image processing operation. 

B. Matlab operation 
The matlab script first converts the input image to binary 

format.  The image is then inverted so that the drawing is in 
white foreground.  The actual circuit recognition operation is 
broken down into three sections: detection of gates, detection 
of labels and detection of connections. 

1) Gate detection 
Gates are detected by first removing long horizontal and 

vertical lines from the diagram.  Because the lines are 
connected to the gates, some pixels in the gates are removed 
as well.  To clean this up, close operation is performed to fill 
up holes. 

Small regions, likely to be labels in the diagram, are 
removed for gate detection.   

The keypoints of each gate in the diagram is computed 
using SIFT.  A golden set of gates is kept and the keypoints 
for each of these gates are also generated.  The keypoints are 
compared and the type of gate in the diagram is identified.  
The vlfeat matlab library is used for performing the SIFT 
operations. 

Based on the gate type, the number of input ports and 
output ports of the gate are determined.  The orientation of the 
gate is assumed to be facing right, with inputs on the left edge 
and outputs on the right edge.  For the gate in the diagram, the 
co-ordinates of I/O ports are then identified.  This is done by 
checking any presence of lines adjacent to the gate.  To avoid 
detection of the same port multiple times, a minimum distance 
is needed between the ports. 

2) Line detection 

Lines are detected by taking the binary inverted format of 
original image as the starting point.  Any gaps in lines are 
closed.   

Endpoints of each line are then detected.  A pixel is marked 
as an endpoint if there is connection on only one direction.  If 
the current pixel is in the middle of a line, there will be 
connections on two directions.  Similarly, if the line makes a 
90 degree turn, there would still be pixels on two directions.  
Because lines can be several pixels thick, the check for 
connection is done at a pre-determined gap on the four 
directions.  The co-ordinates of the endpoints are stored. 

3) Label detection 
Similar to gate detection, lines are removed first from the 

binary version of the diagram.  Only regions below a certain 
size are treated as letters in label.  For each region (letter), 
keypoint detection is performed.  A golden set of images 
containing alphabets and numbers are also processed for SIFT 
keypoint detection and matching. 

Labels can contain more than one letter.  To group together 
letters to form a label, the proximity of the letters are checked.  
If they are within a certain allowed distance, the letters are 
merged together to form a word. 

The corner co-ordinates of the grouped labels are then 
computed. 

4) Connections 
For each label, the line endpoint that lies closest to the label 

is detected.  Depending on whether the line is towards the left 
or right side of the image, the label is defined as output or 
input, respectively. 

For each I/O port of each gate, the line endpoint lying 
closest is identified. 

5) RTL output 
The logic circuit recognition engine completes its operation 

by creating a Verilog RTL file that describes the logic circuit 
in statement format.  The Verilog file can be used in chip 
designs for synthesis and simulation. 

The RTL file contains a single module for the entire circuit 
diagram.  The I/O ports of the module are created based on the 
labels in the diagram.  Each connected line in the diagram is 
treated as a net and gates are instantiated using these nets.  
Finally, the link between the module I/O ports and the nets are 
made. 

C. Transfer to client 
The RTL file is transferred to the client through php 

protocol.  Once matlab finishes its operation, it creates a hand-
off file indicating completion.  This is used by the php script 
to forward the RTL output to the client.  The client webpage is 
updated to show the RTL output. 

III. RESULTS 
Fig.  3 shows the output of the logic circuit recognition 

engine for the logic circuit presented in Fig.  1. 
 



module test_circuit (
input wire A,
input wire B,
input wire D,
output wire T,
output wire Z,
output wire ZD
);

  wire line1;
  wire line2;
  wire line3;
  wire line4;
  wire line5;
  wire line6;
  wire line7;

invfg u_gate_1 (.a(line1),.nz(line4));
and2tg u_gate_2 (.a(line2),.b(line4),.z(line5));
or2tg u_gate_3 (.a(line4),.b(line3),.z(line6));
buftg u_gate_4 (.a(line4),.z(line7));
assign line1 = A;
assign line2 = B;
assign line3 = D;
assign T = line5;
assign Z = line7;
assign ZD = line6;

endmodule
 

Fig. 3.  RTL output of logic circuit recognition engine 
 

Table 1 summarizes the time taken by the major operations 
in the engine for the example case shown in Fig.  1. 

TABLE I.  BREAKDOWN OF OPERATIONS IN LOGIC CIRCUIT 
RECOGNITION ENGINE 

Major operations in engine 
 

Time (s) 
 

Time (%) 
 

Extract golden letters for OCR  
 

1.19 
 

5.43% 
 

Separate individual gates 
 

2.57 
 

11.72% 
 

Identify gates (SIFT) 
 

4.28 
 

19.52% 
 

Identify line endpoints 
 

0.1 
 

0.46% 
 

Identify letters in labels (SIFT) 
 

13.74 
 

62.65% 
 

Merge letters in labels 
 

0.04 
 

0.18% 
 

Connect gates and labels to lines 
 

0 
 

0.00% 
 

Generate Verilog RTL 
 

0.01 
 

0.05% 
 

More than 80% of the processing delay is due to SIFT 
keypoint detection and matching of labels. 

 

IV. FUTURE WORK 
The logic circuit recognition engine requires the lines 

connecting the gates to not crisscross on top of each other.  It 
is planned to extend support to lines crisscrossing on top of 
each other.  This can be done by checking for points along the 
line where there are connections on all four directions.  If 
there is no filled dot over that location, the horizontal and 
vertical lines need to be treated as separate regions.  If there is 
a dot, it indicates that this is a single line and no action is 
needed. 

As shown on Table 1, the majority of processing time was 
taken by SIFT keypoint detection and matching.  It is planned 
to perform keypoint detection and matching using SURF 
algorithm instead to check its effectiveness. 

The logic circuit recognition engine currently supports four 
gates: buffer, inverter, AND, OR.  These are sufficient for 
creating any type of combinational circuitry.  It is planned to 
increase the size of the gate library and to support sequential 
logic design as well. 

The logic circuit recognition engine generates RTL file, 
which can be used in external synthesis and simulation 
software.  When creating small circuits, it would be beneficial 
to see the expected behavior of the circuit without having to 
create a separate simulation environment for the design using 
external software.  It is proposed to speed-up the turn-around 
time of circuit design by viewing the expected behavior of the 
circuitry after a delay of few seconds instead.  For small 
circuits, in the order of less than 20 gates, it should be feasible 
to implement waveforms of the circuit for all the possible 
input combinations. 

V. CONCLUSION 
The logic circuit recognition engine showed that image 

processing techniques can be used to bring convenience to 
operations that are typically performed manually.  Further 
improvements are planned to make the logic circuit 
recognition engine effective for practical use. 
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