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Abstract: A monitoring algorithm based on close-range photogrammetry is proposed 

to monitor segment posture in shield tunneling. The algorithm uses DLT (Direct Linear 

Transform) method to calculate the attitude of the segment through the photographs 

taken, and achieves satisfactory results. The experiment under different conditions can 

achieve stable accuracy. 
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1. Introduction 

A Various algorithms for measuring and processing ordinary digital images are basically 

based on direct linear transformation (DLT), or beam theory. These theories and 

methods have many and high requirements for image control points and distribution of 

image points, and in most cases they are not suitable for application. Nowadays, there 

are many kinds of ordinary digital cameras on the market. They are easy to carry, 

cheap and easy to operate. Close-range photogrammetry using non-metric digital 

cameras has become the focus of our research. How to use ordinary digital cameras for 

close-range photogrammetry, how to achieve direct linear transformation method of 

close-range photogrammetry, how to improve their accuracy, and what factors affect 

the accuracy of close-range photogrammetry of non-metric digital cameras are the 

focus of this paper, in order to ultimately achieve the determination of the attitude of 

metro shield segment. 

 

2. DLT (Direct Linear Transform) 

The images in close-range photogrammetry can be captured by measuring cameras 

and non-measuring cameras. If the image was taken by a camera for measurement, all 

analytical methods of aerial photogrammetry can be used to deal with the relative, 
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such as forward-rear rendezvous method, coplanar conditional equation method, beam 

method, etc. If the image is taken by a non-metric camera, because of the large 

distortion of the non-metric camera, the non-directional device, the instability of the 

internal azimuth element and the position of the azimuth element, the analytical 

method in aerial photogrammetry can’t be used to process the image pairs, then the 

direct linear transformation method can be used. 

Direct Linear Transform (DLT) is an algorithm to directly establish the relationship 

between image plane coordinates and object space coordinates. It does not need the 

data of interior and exterior azimuth elements in calculation, so DLT can be used to 

process the photographs taken by non-metric cameras. 

 

3. Experiments and Accuracy Analysis of Direct Linear Transform Method 

for Digital Camera 

3.1 Factors to be considered 

(1) visibility: In our control points, the position of each point must be clearly visible, 

that is, the total station and the digital camera we will use can clearly see and identify, 

which is the direct factor affecting the accuracy of the target. 

(2) Identification problem: Target identification is an important factor for us to find and 

quickly identify the location of the target point. Through the identification, we can lock 

the target position more accurately. 

(3) Layout of points: The placement of target points and control points also has a 

critical impact on the final results. Point placement requires that in a more spacious 

space, digital cameras should be able to take all the positions at one time. 

(4) Precision control: It can be absolute precision or relative precision. Taking more 

pictures can improve the accuracy to a considerable extent, but when the accuracy 

reaches a certain height, more or more pictures will not bring any change. We need to 

correctly distinguish between the degree of accuracy we can accept and the precision 

we want to achieve, which needs to be taken seriously. 

 

3.2 Measurement results of segment control points 

Taking the point where the total station is located as the zero point of object coordinate, 

the prism is used to orient the object, and the three-dimensional coordinates of the 

target point are measured in the relative coordinate system. The relative three- 

dimensional coordinates of 24 control points obtained by total station are as follows: 
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Table 1 Three-dimensional coordinates of control points obtained by total station 

Order number X Y Z 

1 14.138 2.074 1.893 

2 14.088 2.278 1.898 

3 14.033 2.506 1.89 

4 13.984 2.704 1.9 

5 13.916 2.981 1.911 

6 13.848 3.257 1.914 

7 14.14 2.075 1.782 

8 14.089 2.285 1.781 

9 14.032 2.513 1.783 

10 13.983 2.71 1.78 

11 13.918 2.975 1.783 

12 13.852 3.246 1.777 

13 14.138 2.075 1.484 

14 14.087 2.291 1.482 

15 14.031 2.516 1.484 

16 13.977 2.725 1.478 

17 13.919 2.970 1.478 

18 13.852 3.239 1.484 

19 14.141 2.074 1.632 

20 14.089 2.288 1.632 

21 14.033 2.513 1.630 

22 13.984 2.716 1.631 

23 13.922 2.961 1.633 

24 13.852 3.241 1.632 

 

Table 2 Three-dimensional coordinates of undetermined points acquired by total 

station 

Order number X Y Z 

1 14.141 2.074 1.632 

2 14.089 2.288 1.632 

3 14.033 2.513 1.630 

4 13.984 2.716 1.631 

5 13.922 2.961 1.633 

6 13.852 3.241 1.632 
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Note: 1. Each influencing factor of the camera can be divided into several stages to 

obtain three pictures, a total of 21 pictures. (2) No. 1-18 control point is a general 

control point, and No. 19-24 control point is the same as No. 1-6 undetermined point. 

When considering the distribution of control points, No. 19-24 control point, i.e. No. 1-6 

control point, becomes a general control point and No. 13-18 control point becomes a 

undetermined point for calculation. 

The results are showed in Fig. 1 to Fig. 4. 

 

 

Fig. 1 Effect of resolution on error 

 

 

Fig. 2 The effect of distance on error 

 

 

Fig. 3 Effect of control points on errors 
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Fig. 4 The effect of photographic angle on error 

 

To every function need, we do paired comparison of the satisfied degree of all 

alternatives, and build paired comparison matrixes, then by using the optimization 

model, we get the satisfied degree. The thermal efficiency showed significant 

variations between the different isohel mixtures and pure diesel for the Ethanol-Diesel 

and Methanol-Diesel mixtures[3-4]. 

 

4. Conclusion 

The results show that four factors (distance, angle, resolution and distribution of 

control points) affecting the accuracy of close-range photogrammetry are introduced 

and analyzed in detail in the form of experiments. When the photographic distance is 

close, the photographic angle is large or tends to be positive, the resolution is high, and 

the distribution of control points is uniform, the accuracy of the calculated points will be 

higher. Similarly, when the factors of angle, distance and control point distribution can 

not be controlled due to the location of terrain and target points, we can improve the 

accuracy to a certain extent by improving the resolution of the camera or replacing it 

with a higher precision digital camera. The accuracy of many cases represented by the 

results of digital camera close-range orthography shows that close-range 

photogrammetry based on digital camera is realized by direct linear transformation 

method. 
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