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Abstract— This paper proposes an approach for automatic 

detection of License Plate if Vehicle in variable contrast 

scenarios without the use of image thresholding and 

provides results based on this approach. The results of 

image thresholding are highly affected by environmental 

conditions such as sunlight; shade, hue conditions on or 

around license plate area. Mask images are generated using 

image morphological operations and are combined together 

to detect possible license plate candidate areas. These 

possible candidate detected areas are further probed for 

presence of license plate characters before identifying it as 

an actual license plate area. For this probing, contour 

detection is used, which is later used to categorize clusters 

of characters inside the detected areas. Once a favorable set 

of conditions like shape, size, aspect ratio, number of 

characters are met, the area is confirmed to be a license 

plate. The proposed algorithm has been tested on images 

acquired under different test conditions and found to be 

working successfully. 

Key words: Image Processing; License Plate; Morphology; 

Different Contrast Scenario. 

I. INTRODUCTION 

Due to an ever increasing population of vehicles on the road, 

a tremendous need has arisen for monitoring and handling 

the vast amount of traffic generated on the roads and in the 

parking spaces. Vehicle tracking based on its license plate 

number is by far the most efficient method of uniquely 

identifying automobiles. Other methods include Radio 

Frequency Identification (RFID) tagging which requires a 

transceiver unit to be placed on the vehicle before it can be 

monitored 
[1]

. Such a method is not suitable for situations 

where the traffic varies a lot and re-usability of the route is 

not very high. Another limitation of such a system is initial 

set-up time and cost involved (installation of transceivers on 

the targeted vehicles), before it can be operational. Another 

approach that has been well used. For some time is optical 

monitoring of the vehicle license plate through an optical 

unit such as a camera[2]. In such cases, vehicle license plate 

is identified and its license number extracted, which is then 

cross-referenced to a database of license number to identify 

the vehicle. The extraction of the license plate is based on 

various image processing algorithms which utilizes 

background filtering, Hough transform [3] and edge 

detection [4][5]. These techniques often result in slower 

detections and some false detection. There is no single 

technique good enough for detection of License Plate (LP) 

under varying image conditions. 

Image thresholding is a popular technique applied 

as the first step for LP detection [6][7]. Thresholding is a 

good technique with low computational complexity but the 

results are poor under various image conditions such as low 

contrast LP, bright LP or in conditions where LP has 

sunshine reflections. Another constraint of detecting a LP 

with image thresholding technique for rectangular contours 

is a rectangular signboard along the roadside that may be 

falsely detected as a LP a method.  

In this paper, we present an algorithm for detection 

of LP, particularly for Indian scenario with characteristics 

having possibility of LP being a high-contrast area 

containing 7 to 10 characters aligned in a single or double 

line with aspect ratio (Width to Height) between 1 and 6. 

Character height is not less than half of LP height in case of 

single row alignment. 

This paper is organized as follows: proposed 

algorithm is presented in Section II. Simulation results are 

shown in Section III. Finally conclusions and future work 

are given in Section IV. 

II. PROPOSED ALGORITHM 

The block diagram of proposed algorithm[11] is shown in 

Fig. 1. It can be categorized into four stages of processing 

namely preprocessing, segmentation, contour detection and 

LP detection stage. First two blocks in Fig. 1 represents 

preprocessing stage. 

A. Preprocessing Stage 

 

The pre-processing stage normalizes the input received from 

a camera. This includes image acquisition, checking the 
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parameters of the acquired frame and converting the frame 

into grayscale image. Generally, an image acquired from a 

camera is a color image (if not set otherwise). A color image 

has separate Red, Green and Blue (RGB) components for 

each pixel. Each Pixel contains values between 0 and 255 

(8-bits) for each channel. Thus, a 320x240 image contains 

230400 (320x240x3) bytes of data in it. After converting the 

acquired color image into grayscale, only 8-bit per pixel is 

required as compared to 24-bit per pixel in an RGB image. 

Thus, we need to process only 76800 bytes of data, 

which is substantially lower than an RGB image. This helps 

in reducing the computational time of subsequent stages of 

the algorithm. Histogram equalization is used here to 

improve the contrast of the grayscale image. Fig. 2 is shown 

as a sample output of preprocessing stage: 

B. Segmentation Stage 

After preprocessing, the next three blocks in first row of Fig. 

1 shows segmentation stage. Since LP is a high-contrast area 

in the acquired image, it is required to filter out the areas 

where gradient of change of pixel illumination is sharp. 

Thresholding operation may filter out ‘bright’ (Plate) and 

‘dark’ (Characters) areas but there is no means to estimate 

the threshold level of brightness/darkness to be used in 

advance. As an example, a newer plate may be very clearly 

segmented while an old and faded LP may not. 

 

a. Character retention using erosion 

 

b. Plate retention using dilation 

 

c. Background filtering using (a) and (b) 

Fig. 3: License plate segmentation from other image 

features. 

Fig. 3 c. appears like a binary image, but it is still a 

grayscale image. To filter out other unwanted areas, now 

image thresholding can be utilized as the LP area is 

guaranteed to be ‘dark’. This filtering, followed by erosion 

serves to differentiate the LP area from the surrounding 

features of the vehicle 

C. Contour Detection 

Second row in Fig. 1 shows the processing carried out in 

contour detection stage. Even after segmentation, more than 

one blob may remain in the image, due to presence of other 

high-contrast areas or multiple LPs in a single image. 

Contour detection has been used in this algorithm for 

detecting each LP candidate block. To ensure the visibility 

of LP outline, morphological ‘opening’ and ‘closing’ 

operations have been used to filter out gullies, gulfs and 

bridges between adjacent features. Laplacian of the resultant 

image is calculated using (1) with an aperture size of 5x5. 

 

dst = Δ src =((∂
2
 src)/( ∂x

2
)) + ((∂

2
 src)/(∂y

2
)….(1) 

 

where, src is source image and dst is destination image. 

An edge map of the segmented image, with the 

outlines of LP area and its characters is shown in Fig. 4. 

Contours are extracted from the edge map, where only the 

most extreme edges are taken into account, thereby 

eliminating the need for thinning. Furthermore, the resultant 

contour points are approximated to be encoded with 

minimum number of points. Thus, each character or other 

LP feature gets located on the image and stored in a vector 

of points. With the obtained vector of points, the curve is 

approximated, so as to get closed rectangular contours 

wherever possible. 

D. License Plate Detection 

Third row of Fig. 1 shows the LP detection stage. Out of all 

the contours detected in the previous step, we filter out 

contours having aspect ratio between 1 and 6, as described 

in Section I. The lower value of the aspect ratio is suitable 

for LP of a two-wheeler or a three-wheeler, while a higher 

value corresponds to four-wheel vehicles. 

To eliminate the possibility of false detection 

scenarios like a signboard at the road side, very large and 

very small rectangles are filtered out from the consideration. 

This filtering results into very less number of LP candidate 

blocks, which are evaluated one by one for their 

candidature. 

 

Fig. 4. Edge Map 
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To detect whether the candidate block is actually a 

LP or not, the proposed algorithm uses a contour based 

filtering again, with LP characters in focus, this time. Each 

character contour is detected and sorted into groups 

according to their heights. A group of 7 to 10 contours 

placed in a straight line and having same heights most 

probably denote the LP characters. This kind of filtering is 

beneficial in two ways. 

First, it filters out each individual character, which 

can be directly used further for recognition. Second, stray 

characters, symbols or other logo images on the LP gets 

filtered out automatically. 

Thus, if the above mentioned criterion is fulfilled, 

the algorithm extracts the contour positions of the LP, which 

is shown in Fig. 5: 

III. RESULTS 

A dataset was created consisting of vehicle images with 

varying situations such as sunlight, reflection on LP, 

multiple LPs in a single image, low contrast LP, presence of 

stray characters and symbols along with the LP characters 

etc. Although a few candidate LP areas were detected 

initially, the actual LP was successfully detected as shown 

in Fig. 6 (a) to (e), shown below, depicting results on data 

samples and their conditions mentioned besides them: 

 

Fig. 5. Detection of the LP area along with its characters 

 

a.Light ambient reflections 

 

 

b. Presence of multiple LPs 

 

d. Stray characters around LP region 

 
e. Low contrast and noise on LP 

Fig. 6. Various examples of LP detection using the proposed 

algorithm 

The samples are of sizes 1600x1200 pixels. On an average, 

it took 635 ms for detection of all the LPs in a single image. 

Thus, the algorithm processes 3024 pixels per millisecond. 

The system specifications used 

Processor: Intel® Core™ i3-2350M CPU @ 2.30GHz 

Memory (RAM): 4.00 GB (2.92GB Usable) 

System Type:32 bit Operating System 

Operating System: Windows 7 Professional 

Service Pack: Service Pack 1 

Software used: Qt 5.1.1 (MSVC 2010, 32 bit) 

Software Packages:OpenCV-2.4.3 

A comparison of the current algorithm to some of the 

previous works referred in this manuscript is shown in 

Tables below 

S. 

No

. 

Reference 

Algorithm 
Image 

Size 

Time 

take

n 

(ms) 

Algorith

m 

Processin

g 

Speed 

(pixels/ms

) 

Detectio

n 

Accurac

y 

 

1 

Tail light 

based 

detection 

[8] 

320x240 70 1097 88.71% 

 

2 

Morpholog

y, 

Color 

Analysis 

and 

Edge 

Detection 

[9] 

800x600 300 1600 96.65% 

 

3 

Hough 

Transform 

and 

Contour 

Detection 

[10] 

800x600 650 738 98.76% 
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4 

Proposed 

Algorithm 

1600x120

0 
635 3024 88.88% 

The system specification are different, thus, the processing 

speed must be scaled by a factor of around 1.5-1.7 before it 

can be compared to the proposed algorithm. 

The intermediate results and calculations are shown below. 

The calculations are based on 14 images which include all 

conditions mentioned above like stray characters, partial 

sunshine, etc. Most of the images are having 1600 x 1200 

size. 

Contours with pre-processing 

S. 

No. 
Contours 

Size of 

image 

Size of image 

processed 

1 84 1600 x 1200 320 X 240 

2 44 1600 x 1200 320 X 240 

3 189 2048 x 1536 320 X 240 

4 91 1600 x 1200 320 X 240 

5 106 2048 x 1536 320 X 240 

6 87 1600 x 1200 320 X 240 

7 53 1600 x 1200 320 X 240 

8 58 1600 x 1200 320 X 240 

9 64 1600 x 1200 320 X 240 

10 69 2048 x 1536 320 X 240 

11 93 1600 x 1200 320 X 240 

12 108 1600 x 1200 320 X 240 

13 94 1600 x 1200 320 X 240 

14 45 1600 x 1200 320 X 240 

 

 
Contours without pre-processing 

S. 

No. 

Contours Size of 

image 

Size of image 

processed 

1 93 1600 x 1200 320 X 240 

2 49 1600 x 1200 320 X 240 

3 214 2048 x 1536 320 X 240 

4 96 1600 x 1200 320 X 240 

5 122 2048 x 1536 320 X 240 

6 63 1600 x 1200 320 X 240 

7 46 1600 x 1200 320 X 240 

8 77 1600 x 1200 320 X 240 

9 57 1600 x 1200 320 X 240 

10 71 2048 x 1536 320 X 240 

11 119 1600 x 1200 320 X 240 

12 112 1600 x 1200 320 X 240 

13 101 1600 x 1200 320 X 240 

14 48 1600 x 1200 320 X 240 

 
Timing without pre-processing 

S. 

No. 

Contours Size of 

image 

Size of image 

processed 

1 42.5456 1600 x 1200 320 X 240 

2 28.2277 1600 x 1200 320 X 240 

3 35.1513 2048 x 1536 320 X 240 

4 31.1211 1600 x 1200 320 X 240 

5 29.4618 2048 x 1536 320 X 240 

6 30.7432 1600 x 1200 320 X 240 

7 30.142 1600 x 1200 320 X 240 

8 29.2693 1600 x 1200 320 X 240 

9 29.0017 1600 x 1200 320 X 240 

10 30.4918 2048 x 1536 320 X 240 

11 29.9951 1600 x 1200 320 X 240 

12 30.6878 1600 x 1200 320 X 240 

13 31.3699 1600 x 1200 320 X 240 

14 27.7899 1600 x 1200 320 X 240 

 
Timing for License plate extraction with equalization 
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S. 

No. 
Contours 

Size of 

image 

Size of image 

processed 

1 34.9914 1600 x 1200 320 X 240 

2 26.5317 1600 x 1200 320 X 240 

3 34.5246 2048 x 1536 320 X 240 

4 28.9379 1600 x 1200 320 X 240 

5 27.4411 2048 x 1536 320 X 240 

6 27.6743 1600 x 1200 320 X 240 

7 24.9318 1600 x 1200 320 X 240 

8 28.6091 1600 x 1200 320 X 240 

9 27.069 1600 x 1200 320 X 240 

10 28.3134 2048 x 1536 320 X 240 

11 29.1286 1600 x 1200 320 X 240 

12 30.0045 1600 x 1200 320 X 240 

13 31.0014 1600 x 1200 320 X 240 

14 25.6893 1600 x 1200 320 X 240 

 

 
 

Timing for License plate extraction without equalization 

 

S. 

No. 
Contours 

Size of 

image 

Size of image 

processed 

1 0.329627 1600 x 1200 320 X 240 

2 0.246569 1600 x 1200 320 X 240 

3 0.428947 2048 x 1536 320 X 240 

4 0.272055 1600 x 1200 320 X 240 

5 0.295675 2048 x 1536 320 X 240 

6 0.241174 1600 x 1200 320 X 240 

7 0.231108 1600 x 1200 320 X 240 

8 0.248571 1600 x 1200 320 X 240 

9 0.19643 1600 x 1200 320 X 240 

10 0.264062 2048 x 1536 320 X 240 

11 0.287291 1600 x 1200 320 X 240 

12 0.308672 1600 x 1200 320 X 240 

13 0.278532 1600 x 1200 320 X 240 

14 0.159468 1600 x 1200 320 X 240 

 

IV. CONCLUSION 

In this study, we have designed an algorithm for detection of 

LPs for different conditions. The algorithm has been tested 

successfully in all the cases except when the LP contrast is 

very low. Such cases are difficult even for normal human 

vision to perceive. The major advantage of the proposed 

algorithm is that the algorithm may not detect LP but there 

are no false detections. Proposed algorithm maintains a 

decent 

computational time complexity as compared to other 

algorithms, although some of them perform exceptionally 

well for some types of LP detection environments. Proposed 

algorithm robustness is evident with the successful detection 

of LP with partial sunshine as it obscure some of the 

characters and this problem can’t be solved using a static 

threshold. The future research will be carried out to extend 

the proposed algorithm for automatic recognition of 

characters in the LP so that it can be used for surveillance, 

security and monitoring purposes. 
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