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Abstract 
A novel application of photogrammetry is consisting in measurement of microfeatures. 3D model reconstruction, high resolution 
measurement and good accuracy can be obtain with a low cost equipment. However, in order to obtain high performance in 
measurement, 3D geometry obtained by photogrammetry needs to be calibrated for setting the scaling factor. 
Using commercial software, the scale is commonly retrieved through two different procedures: the first one consists in using a known 
distance between two markers within the images, the second procedure consists in placing the camera/s in known positions. Both 
procedures need accurate and expensive facilities when the photogrammetry is applied on microfeatures measurement. In the 
present work an automatic and low cost method to find the correct scale factor for a photogrammetric 3D model applied at micro-
scale is presented. The method is based on automatically retrieving blurring area combined with Depth from Focus method. 
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1. Introduction and Research Background

Photogrammetry is a non-contact optical technique, based on 
the stereoscopic principle, that can be applied in several fields, 
depending on the distance between the camera and the object. 
For low distances, small micro-features can be retrieved for 
natural sciences [1], medical applications such as surgery [2] and 
odontologics [3], or industrial research [4]–[9].  

Photogrammetry applied to micrometric metrology is 
promising to reduce time and costs and could further compete 
with other expensive techniques such as interferometry, 
confocal microscopy, etc. 

Very important issues are: (i) to highlight the correspondences 
on the surface of smooth small products [8], [10]; (ii) calibration 
[4], [11] for internal and external parameters estimation; (iii) 
uncertainty of the 3D reconstruction accuracy attributable to 
the repeatability of the photogrammetric software [12]; (iv) the 
need of a correct scaling, due to an inherent limitation of the 
technique. In other words, in a photogrammetric point cloud 
relative distances between objects are saved but not the 
absolute scale [4] [5] [6]. In [13] authors presented a new hybrid 
manual measurement method to find the scaling factor λ 
knowing the magnification ratio M of the camera and the pixel 
lateral size L. The use of the method led to errors in sphere 
Probing Error in Size up to 22.6 μm (abs) and Sphere Spacing 
Errors up to 41.2 μm (abs), as defined by the 
internationalguideline VDI/VDE 2634. The hybrid method 
consists in retrieving the focal plane of an image (Figure 1) to 
estimate the distance between two points using the features of 
lens (magnification ratio M) and optical sensors (pixels density).  

The method is executed through the following steps: (i) 
capturing the same image of an object having microfeatures 
both with High Diaphragm Aperture (HDA, for example f2.8 
having a small depth on focus) and Low Diaphragm Aperture 
(LDA, such as f16); (ii) manually detect region on focus in the 
HDA image and its middle plane (focal plane) using a polyline; 

(iii) transposition onto the LDA image of the polyline (focal 
plane) choosing the same pixels; (iv) identification of at least two 
geometric points of the object that lie on the polyline and 
measure the distance (pixel unit) between these points;

Figure 1. Focus plane detection 

(v) conversion of the distance into millimeters through the 
factors L and M; (vi) input of the computed distance in 
millimeters to the photogrammetric software for computing the 
scale factor λ. The main drawback of this method is basically 
represented by operator dependency involved in the steps (ii), 
(iii) and (iv). In the present study the same method [13], is 
automated (with regard to points (ii), (iii), (iv) and (v)) in a multi-
step approach by designing a framework based on Local Binary 
Pattern [14] method to retrieve blurring areas, combined with 
Depth from Focus. 

2. Proposed Approach

The image produced by the camera sensor is formed by a 
projection on the focal plane of all the points that are on the field 
of view of the camera. The image presents a sharp area derived 
from all points that belong to focal region and a blurry area 
produced by all other points. Points in the focal plane (the mid 
plane of the focal region) produce the sharpest region while 
points far away from the focus plane illuminates only a so-called 



“circle of confusion”. Defocus blur occurs when this circle 
becomes large enough to be perceived by human eyes. In the 
literature automatic algorithms utilized to measure the focus 
level for every image pixel are usually referred to focus measure 
operators. Many focus measure operators, which are applied to 
a small local window around a pixel, have been proposed [20]. 

For automating the scale retrieval, detection of focus areas is 
crucial. In the proposed framework, four main steps are 
followed: 1) segmentation, 2) distance map, 3) centres 
detection, 4) scale bar computation. 

1) the segmentation of HDA image detect the areas near the 
focus plane of the camera (no or low blur) and will be given by a 
greyscale algorithm based on Local Binary Patterns (LBP) 
[14][15]. The LBP algorithm is chosen for its rapidity of runtime 
[16] and for robustness when changes in monotonic lighting 
happen, frequently occurring in natural images. The LBP 
approach will set up the scale value of the local patch for 
computing the sharpness maps equal to three different sizes of 
the patch (for example 11×11, 15×15 and 21×21 pixels). 

2) automatic detection of the focus areas (intersection 
between focus plan and the object). To initialize the research of 
the centre, the digital image is mapped to its distance transform 
[17], known also as distance map or field of distance. Distance 
maps label each pixel of the image, with the distance between 
their position and the one of the closest pixel on the edges of 
blurry. An automatic resizing to 640×480 pixels resolution of the 
image before the distance mapping can dramatically reduce the 
computational time for the subsequent step. Before the scale 
computation, it is possible to restore the original image 
resolution. 

3) Two points are detected, among the pixels with the highest 
probability to be in the image focus plane, corresponding to the 
higher distance label. The authors propose the use the euclidean 
distance transform, applied to the segmented image.  

4) scale bar computation is the finalization of the method. The  
distance between the two points is equal to the projection of the 
same points on the camera sensor. Named Dim (pixels) the 
distance, in terms of number of pixels, between C1 and C2, the 
corresponding real distance Dr is:

�� = �� ��� = ���(�1 − �2)� − (�1 − �2)�          (1)

where ps (mm/pixel) is the pixel side length. 
Preliminary experimental results have been carried on, as well 

as in [13], measuring a 2 mm diameter ball bar, manufactured 
by micro Electro Discharge Machining, leading to measured 
diameters respectively equal to 2.001 and 2.007 mm, when 
certified values are 2.010 and 2.014 mm and manual method 
resulted in 1.998 and 2.004 mm. The authors experienced also 
some instability in the LBP results. 

3. Conclusions 
A preliminary design of an automatic scaling system for point 

clouds of micro features, retrieved by means of 
photogrammetry is presented. Preliminary tests show good 
agreement with the performance of the manual approach. 
Further studies will involve an improvement of the LBP results 
and a deeper experimental analysis and comparisons with 
previous studies based on manual approaches. 
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