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1. Introduction 

The scope of this project was to investigate whether images from TerraTec’s mobile mapping 

system can be used for mapping purposes. Traditionally, the point cloud is used for mapping 

of objects and images are used for varying visualization purposes. Although the position of 

signs can be accurately found in the point cloud, it is often difficult to identify the type of 

sign, as many of them are quite similar in shape and size. In images, however, the signs are 

usually easy for the human eye to identify. 

Automatic mapping of signs is done by automated recognition and georeferencing of signs in 

panoramic images. Image recognition makes it possible to automatically identify and 

classify signs in images. The image can be georeferenced by position and orientation of the 

mobile mapping system, which makes it possible to georeference the sign by image geometry 

or information from the point cloud. 

2. Imaging from Mobile Mapping 

2.1. Lynx Mobile Mapper 

The Lynx Mobile Mapper is one of TerraTec’s mobile mapping systems and is described in 

TerraTecs report “2A - Optimization of Mobile Mapping production”. In this report, a closer 

look is taken at the 360-degree Ladybug camera and how to get more information out of the 

images produced by it. The Ladybug consists of six 5 MP cameras and covers 90% of the full 

sphere. Panoramic images are generated by combining the images from the six cameras. An 

example of a panoramic Ladybug image can be seen in figure 1. 

 

Figure 1: Ladybug panoramic image. 
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3. Automatic Mapping of Signs 

3.1. OpenCV  

OpenCV1 is an open source computer vision library with interfaces for C, C++, Python and 

Java, and it supports all major operating systems (Windows, Linux, Mac OS, iOS and 

Android). Computer vision is a field that, from the perspective of an engineer, seeks to make 

computers able to understand and analyze digital images, and eventually automate tasks 

that the human visual system can do. One example is the automation of toll roads by 

identification of sign plates. 

3.1.1. Keypoints and Descriptors 

One way to do object recognition is to look for some known (reference) image in another 

image. The image may contain a rotated and scaled version of the reference, making direct 

pixel-based comparisons highly ineffective. The basic idea is instead to characterize an 

image with a set of locally distinct points, so-called keypoints. If the same keypoints are 

consistently found in two different images, the geometrical relation between the images can 

be established. This process is often called "image matching".  

Generation of a set of keypoints for an image consists of two steps. Initially some algorithm 

must be used to identify locally distinct points. These points must further be characterized 

(radiometrically) in a manner that is (largely) invariant to scaling and rotation. This so-

called "keypoint descriptor" is usually some n-dimensional vector of integers or real values.   

There are several algorithms in OpenCV that can detect keypoints and compute descriptors. 

Some of them are patented and some are free to use (open source). The algorithms differ in 

exactly how they detect keypoints and compute descriptors, but the basic idea is about the 

same and a brief explanation is given in the follwing2. 

The first step in detecting a keypoint, is to make a blurred version of the image. These two 

versions are subtracted and the result is the contours in the image. The second step is to 

make different scales of the image, and create a so-called image pyramid. Step one is then 

applied to the other scales of the image. The third step is to look for local extrema points. 

Each candidate pixel is compared to its nearest neighbors, and if it turns out to be a local 

extremum, it gets defined as a keypoint. 

Once a keypoint is detected, the algorithm computes a descriptor. This is done by looking at 

the intensity changes (image gradients) around the keypoint, and summarize them to 

orientation histograms. These histograms are represented in a descriptor-vector. Matching 

is done by comparing the descriptor vectors between images, and thereby finding 

corresponding keypoints in different images (e.g., using a k-nearest neighbor search). 

  

                                                           
1 https://opencv.org/ 
2 http://opencv-python-
tutroals.readthedocs.io/en/latest/py_tutorials/py_feature2d/py_sift_intro/py_sift_intro.html 
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3.1.2. ORB Algorithm 

The explanation given above is valid for the SIFT-algorithm3. The SIFT-algorithm is 

patented, but an open-source alternative is ORB4 (Oriented FAST and Rotated BRIEF). ORB 

is created by the OpenCV team, and is a combination of the FAST keypoint detector and 

BRIEF descriptor computer. The algorithm is slightly different from SIFT, but has been 

shown to be much faster while being comparingly accurate. 

3.2. Recognition of Signs in Ladybug Images 

Recognition of signs in Ladybug images is done by finding potential signs in the images and 

comparing them to reference signs to validate whether they are signs or not. 

The Ladybug panoramic images are processed individually to find potential signs. Reference 

signs are given by an image of the sign5 and size of the sign6. Python 2.7 and OpenCV 3.3.0 

are used to implement the method. All images are processed as grey scale images as several 

of the algorithms used in the implementation of the method are designed to find variations 

in intensity. 

3.2.1. Shape Recognition 

The first step of sign recognition in Ladybug images is identification of sign-like shapes. This 

is done by finding contours in the image by similar intensity values. By this, the sign edges 

are found. An adaptive threshold value of the intensity is used to identify contours that have 

similar intensity values globally, but nevertheless are clear boundaries locally. 

The contours are then simplified to approximate shapes. This removes redundant points and 

saves memory. In the figure 2, the left image shows all the points found to be part of the 

contour and the right image shows the remaining nodes after simplification.  

 

Figure 2: Left image shows the blue nodes found to be part of the contour, right images shows the remaining 
blue nodes after simlification7. 

                                                           
3 https://en.wikipedia.org/wiki/Scale-invariant_feature_transform 
4 http://opencv-python-
tutroals.readthedocs.io/en/latest/py_tutorials/py_feature2d/py_orb/py_orb.html?highlight=orb 
5 Transportstyrelsen, https://transportstyrelsen.se/sv/vagtrafik/Vagmarken/ (accessed 2017.11.20) 
6 Vägverkets författningssamling, Vägverkets föreskrifter om storlekar på vägmerken och andra 
anordningar, VVFS 2008:272 (2008.11.03) 
7 OpenCV, https://docs.opencv.org/3.0-
beta/doc/py_tutorials/py_imgproc/py_contours/py_contours_begin/py_contours_begin.html 
(accessed 2017.11.29) 

https://transportstyrelsen.se/sv/vagtrafik/Vagmarken/
https://docs.opencv.org/3.0-beta/doc/py_tutorials/py_imgproc/py_contours/py_contours_begin/py_contours_begin.htmlp
https://docs.opencv.org/3.0-beta/doc/py_tutorials/py_imgproc/py_contours/py_contours_begin/py_contours_begin.htmlp
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The number of nodes in the simplified contours are used to identify type of geometrical 

shape, see figure 3. Some signs can be identified by shape alone. One example of this is the 

yield sign as an upside-down equilateral triangle. 

 

Figure 3: Shapes identifies to be potential signs. 

3.2.2. Feature Matching 

Parts of the images found to have sign-like shapes, and thus be potential signs, are clipped to 

smaller potential sign images. Feature matching is used to see whether the potential sign 

images are images of signs or not and what type if sign they are most likely to be.  

Keypoints and descriptors that are invariant to scale and rotation, as described in section 

3.1.1., are detected and computed with the ORB-algorithm. The algorithm finds locally 

distinct areas in the potential sign images and the reference sign images, and they are used 

to perform image matching. In figure 4, examples of found matches between reference 

images and potential sign images are shown. It can be seen that corners and edges are 

typically chosen to be keypoints, as they are locally distinct. Edges are, however, not well 

suited for matching, as it is difficult to find the exact same point along the edge in another 

image. 

   

Figure 4: Potential sign image found in Ladybug panoramic images (upper right images in the two images) 
matched to different reference sign images. Matches visualized as red lines between keypoints visualized as red 
circles. 
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Validation of the matches is done by identification of inliers and outliers by the RANSAC8 

method. For the left candidate in Figure 4 there are two arrows that might fit the reference 

image, but either case excludes the other. A wrong candidate will thus produce a very high 

number of rejections (around 50%). Figure 5 shows examples of validated matches. As can 

be seen, the matched keypoints along the edges has been removed. What is left is the most 

distinct areas in the images. The perspective transformation matrix between the inliers of 

the keypoints in the reference sign and the potential sign is used for further validation. One 

assumption is that the potential sign has approximately the same orientation as the 

reference sign. 

3.3. Georeferencing of Signs 

When pre-processing the Ladybug images in the software Optech LMS, an "orbit file" is 

computed giving the file name of images and time of capture, as well as position (east, north, 

height) and orientation (omega, phi and kappa) for the camera at that point in time. Several 

different methods for positioning of a sign relative to the camera position are possible. 

A simplification of the problem of georeferencing the sign is implemented. This was done by 

assuming the same camera parameters for the panoramic image as for the individual 

Ladybug images used to generate the panoramic image. Pixel values for center point and size 

of sign and camera parameters are used to find the angle and the distance from the camera 

to the sign.  The sign position is then computed by the camera pose from the orbit file and 

the computed distance in north, east and height from the camera to the sign. 

  

                                                           
8 https://en.wikipedia.org/wiki/Random_sample_consensus 

Figure 5: Correctly found signs by feature matching. Image of reference signs to the left and potential signs 
in the upper right corners. Inliers matches are visualized by the green lines. 
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4. Test of Sign Recognition and Georeferencing 

4.1. Test Area 

The developed sign recognition method was tested on Ladybug panoramic images collected 

by the Optech Lynx system in Strömstad the 10th of November 2016. 4 images with various 

signs were used for testing. In the 4 test images, there were a total of 12 signs. 

4.2. Sign Database 

A database with all traffic signs needs to be built to be able to map all types of signs. For 

testing purposes, support for only a few signs was implemented. These signs were right lane 

sign, roundabout sign, both lanes sign, speed limit 40 sign and yield signs and can be seen in 

the figure 6.  

 

 

 

 

Figure 6: Signs used for testing. 

4.3. Results and Discussion 

The output from the sign recognition method is a file with east, north and height coordinates 

of the sign plate, as well as type of sign and filename of image the sign was found in. 

4.3.1. Sign Recognition 

All the 12 signs in the test images were a type of sign found in the sign database. Of these 12 

signs, 9 were detected with the correct sign type by the method. No potential sign images 

were wrongly identified as signs or identified with the wrong sign type. 

There were 4 yield signs and these were all correctly detected by shape detection alone. All 

the other signs were found by shape detection and feature matching.  2 out of 4 roundabout 

signs were found. 1 out of 1 right lane sign were found. 1 out of 2 speed limit 40 signs was 

found. 1 out of 1 both lanes sign was found. 

One issue with the sign recognition was repeating patterns and rotation. As a maximum 

value for the rotation between the reference sign image and the potential sign images was 

used as a validation parameter, some potential signs were wrongly excluded based on this 

criterion. Especially for the roundabout sign, this can be problematic, as the sign can look 

the same with another rotation. On the other hand, many potential signs that are not 

actually signs are excluded from the result based on this criterion, so removing it would 

result in many wrongly detected signs. Further optimizing of criterions used should improve 

the feature matching. 
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4.3.2. Sign Georeferencing 

A simplified georeferencing method was implemented. The chosen method resulted in 

errors of 2-6 meters; thus, it is not useful for most relevant applications. 

The assumption that the image parameters are the same in the Ladybug panoramic image as 

in the individual images is not valid, as the image geometry is changed when generating the 

panoramic image and it does no longer have a central projection. The implementation does, 

however, give a basis for further development. 

More detailed data about how the panoramic images are generated can be used to get a 

much more accurate georeferencing solution by photogrammetry. It is also possible to use 

data from the point cloud to obtain more accurate georeferencing of the signs. 
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5. Summary and Future Work

The result from the test shows that 75 % of the signs in the Ladybug panoramic images were 

correctly found and that none of the found signs were wrongly detected. This shows that 

image recognition as a method has potential in automated mapping of objects in mobile 

mapping. More precise data about image geometry or additional data from the point cloud is 

needed to get accurate georeferencing of signs. 

The results from the mapping of signs from images can even be used as a preprocessing step 

for automatic mapping in the point cloud. This will give the type of sign and the estimated 

sign position can be used as a seed point in search algorithms for signs or poles. Using the 

point cloud might increase the accuracy of the georeferencing of the signs. It also makes it 

possible to find the point where the pole of the sign is mounted on the ground. 

Further development and testing is needed to get a method that works well for various areas 

and sign types. Machine learning is a natural next step for automated mapping procedures 

from images. By training the machine learning algorithm with various training data sets, it 

can learn how to distinguish signs from the surrounding, which removes the need to 

manually specify all differences. 
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