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Abstract: Based on the augmented reality object tracking algorithm, when the 

algorithm is applied to unmanned vehicles, drones, robots, etc., it is necessary to 

pre-determine the precise three-dimensional pose of the object before the algorithm 

can make corresponding actions. In this paper, a new method based on CAD model 

information and object contour is proposed to estimate the accurate three-dimensional 

pose of the object. According to the three steps of obtaining the contour of the object, 

roughly matching, and iterating, the method finally obtains the pose of the object in the 

experiment. In the result, the algorithm can theoretically obtain the exact pose of the 

object. In view of the current mainstream thinking, the use of the binocular camera 

device is cumbersome and consumes a large amount of power, and the monocular 

camera that can be utilized by the method can effectively reduce the cost and obtain an 

accurate posture. 
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1. Introduction 

Augmented Reality (AR) is based on computer graphics technology and visualization 

technology. By adding a method of locating virtual objects in three-dimensional space, 

the real scene can be integrated with the information of the virtual scene. The method 

has real-time interactivity. After the concept of induced maintenance based on 

augmented reality was put forward a few years ago, AR technology gradually 

deepened in the field of maintenance. For example, in the augmented reality robot, 

when performing tasks such as grabbing and welding, it is necessary to obtain accurate 

three-dimensional pose information of the object through visual information collected 

by the camera, in addition to unmanned driving, aerospace, deep sea operations, 

weapon guidance. All aspects need to use visual sensor information to pre-determine 
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the three-dimensional pose of the object. At present, the augmented reality sensor 

mainly relies on a camera, a laser radar, an ultrasonic radar, etc., wherein the camera 

is divided into a monocular camera and a binocular camera, wherein the binocular 

camera has the problems of large volume, heavy weight, high price, and easy damage. 

Ultrasonic radar has the problems of low precision, poor real-time performance, no 

occlusion, and is susceptible to noise. 

In order to aiming at the above problems, this paper designs an algorithm that uses the 

ordinary monocular camera and the CAD model of the object to obtain the accurate 

three-dimensional pose of the object by acquiring the contour of the object, roughly 

matching and iterating. This method can be used as all The image of the output mask 

recognizes the general solution of the neural network or related algorithms for the 6Dof 

pose of the CAD object. 

 

2. Principle of the algorithm 

The algorithm first obtains the relevant parameters of the camera by calibration, and 

uses the CAD model to generate the rough matching required data, and then uses the 

deep neural network or other algorithms to detect the object in the recognized image 

and output the mask of the image. The relevant contour information is obtained. The 

contour information combined with the rough matching data can obtain the rough 

matching pose of the object, and then the iterative algorithm can obtain the precise 

pose of the object. The algorithm flow is as follows: 

Camera calibration

Generate rough 

matching data 

using CAD models

Image recognition 

output object mask

Pose rough match 

information
Accurate 6Dof pose

Matching 

algorithm

Iterative 

Algorithms

 

Fig. 1 Algorithm flow 

 

2.1 Camera imaging model 

M is a three-bit spatial point, and m is an image point of M projected on the image plane. 

The projection of the world coordinate system to the pixel coordinates can be obtained 

according to the relationship between the coordinate systems involved in the camera: 
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Fig. 2 Contour Simpling 

 

0

0

1
0

0 0 0
1

0 0 0 0
0 1

0 0 0 11
10 0 1

W

W

c

W

u
Xdxu f

R t Y
z v v f

Zdy

 
   

      
       =                 

   
  

                                     (1) 

(1) Can be written in the form of (2) 
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Where αx, αy are the scale factors of the horizontal and vertical axes of the image 

respectively; K contains the camera internal parameters such as focal length and 

principal point coordinates, so K is called inner; M1 contains the rotation matrix and 

translation vector, and the parameters in M1 are determined by camera coordinates. It 

is determined relative to the position of the world coordinate system, and is therefore 

called the external parameter matrix of the camera; the product M of the internal 

parameter and the external parameter matrix is called the projection matrix. By 

comparing equations (1) and (2), it is possible to easily determine the specific 

representation of the internal and external parameters of the camera represented by 

these matrices. The camera calibration is to determine the internal and external 

parameters of the camera. 

 

2.2 Camera calibration 

We assume that the camera is a pinhole model, as shown in Figure 3: 

 

Fig. 3 Camera pinhole model 

The pose of an object is a general term for the position and posture of an object. 

The camera focal length is where the axis of f is the positive z direction, the x and y 

axes are at the plane of the optical center O, and the optical center O is the origin of the 
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camera coordinate system. In this camera coordinate system, the position of the object 

center can be used to represent : 

(W ,W ,W )x y z=W                                                     (3) 

The center of the object is the location of the center of the object CAD model, usually 

the volume center. If the coordinates of the object corresponding pixel on the image, 

K is the camera internal reference matrix, then we can get this equation: 

K
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z
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                                                       (4) 

This equation represents the position (W) of the actual object center position (W) after 

being projected into the image after passing the camera internal reference (K) in the 

camera coordinate system. 

Therefore, in order to request the three-dimensional coordinate position of the object, 

the camera internal reference K must be calibrated, and there are many calibration 

methods. For details, see [1]. In this experiment, the camera calibration method 

provided by Opencv software is used to obtain K. 

 

2.3 Using CAD models to generate rough matching data 

The most important algorithm in generating template data using object CAD models is 

the sampling algorithm based on object contours. Firstly, through the object CAD 

model, the Mask of the object can be rendered in the specified pose. The bounding box 

of the object can be obtained through the Mask of the object, and then the contour of 

the object is sampled at a certain distance on the bounding box according to different 

needs, as shown in Fig. 4. The outline of the object is sampled at a certain distance 

from the left border. 

 

Fig. 4  Contour Simpling 

We take the length of the left boundary (other borders similar) as the reference, we 

divide it into n equal parts, every /n is a sampling abscissa point, we traverse the point 

on each contour in its abscissa equal to the sampling abscissa point The distance to the 

left border is calculated. Since each sampling abscissa point may correspond to 

multiple contour sampling distances, the maximum and minimum values of the 

plurality of distances are taken as the sampling values of the contour samples on the 

sampling abscissa. This way we turn the contour information into a set of sampled 

values. 

Since the contour may vary in size, the sampled values need to be normalized, that is, 
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the length of the left bounding box is unified to one unit. In the experiment, we have 

a uniform length of the left bounding box of 128px, which can ensure the accuracy of 

sampling. , can also guarantee the sampling speed. 

The advantage of the above sampling method is that a set of features of the contour is 

obtained, that is, the sampled value, which has scale invariance to the contour, but is 

sensitive to the rotation of the object, and the data dimensions are consistent for 

comparison. 

At the specified distance, centering on the center of the CAD model of the object, the 

contour of the object is sampled at different rotation angles, and the contour sampling 

information and the corresponding pose information are saved, and the template data 

of the object is roughly matched. 

 

2.4 Image recognition output object mask 

At present, the image recognition effect is more prominent by using the deep neural 

network, and Mask-RCNN [2] is a better model for image recognition using deep neural 

network. The effect is shown in Figure 5. The deep neural network model is After 

training, it is possible to output the object's category and object's mask in real time with 

high precision, so this model is used as the image detection end processing module. 

 

Fig. 5  Mask-RCNN Image Segmentation Result 

 As neural networks continue to evolve, the performance of different algorithms and 

deep neural network models will certainly surpass Mask-RCNN. This algorithm can be 

applied to any output mask or contour algorithm or deep neural network model, which 

can be used as a general solution. 

When training the Mask-RCNN neural network, we use Blender and Opencv software to 

automatically generate data sets for training, and the recognition accuracy is high. 

 

2.5 Rough matching algorithm 

The pose of the rigid body consists of two parts: rotation (R) and displacement (T). The 

matching process of its rotating part is as follows: 

Since the resolution of the object mask outputted by different frames is different, if the 

resolution of the object is too low, the data quality collected by the sampling algorithm 

will be affected. If the resolution of the object is too high, the sampling speed will 

decrease when sampling, so the sampling algorithm is the same, first The output 

contour information is normalized and unified to the same scale for comparison. 

If the actual mask sample data for the object is Sin, the i-th data in the template data 
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is Si, and each group has n sample values, the L1 distance between the actual mask 

sample data and each group of data in the template is calculated, and the i-th data is 

calculated. The L1 distance Li is: 

1

| S |
n

in i

i j j

j

L S
=

= −                                                   (5) 

Ideally, the sample values should be the same when the pose is the same, that is, the 

rotation angle of the distance in the template data is 0, that is, the rotation angle 

corresponding to the contour. In practice, if the angle is too thin, a large amount of For 

the data, the matching process is relatively slow. Therefore, the rotation angle 

corresponding to the minimum value of all the results in the threshold is the rotation 

angle obtained by the current matching. If the threshold is not satisfied, the matching 

failure is considered. In order to ensure the matching speed, in the rough matching, 

the error control is not more than 12° for each degree of freedom in the Euler angle 

(that is, the 360° is equally divided into 30 parts to generate a rough matching 

template). 

This Euler angle information can then be converted into a rotation matrix R, that is, the 

rotation information of the object is obtained. 

The translation part of the algorithm is as follows: 

When generating template data, since the object is sampled at a specified distance, 

and the size of the CAD model is known, the size of the bounding box corresponding to 

the object is inversely proportional to its distance, that is, the smaller the bounding box 

is, the farther the distance is, which is recognized by the human eye. If the knowledge 

is consistent, the distance between the center point of the model and the optical center 

of the camera can be obtained by : 

( / )in i iD w w D=                                                         (6) 

Win is the object recognition output bounding box width (using the frame length 

calculation), Wi is the bounding box width of the template data matching its rotation, 

and Di is the distance specified by the template data acquisition, which is the model 

center point and camera light. The distance of the heart. 

Similarly, because the CAD model size prior information is known, the actual physical 

distance represented by each pixel in the template can be calculated, and the 

displacement vector of the object can be calculated: 
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z
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                                                              (7) 
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z x yt t t D= + +                                                       (8) 

In the actual experiment, since the sub-pixel level information cannot be obtained, 

when the pixel is used for calculation, the displacement vector error is large, and the 
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resolution of the camera image can be improved to solve the problem, that is, the 

higher the resolution of the camera, the object is obtained. The more accurate the 

position. 

After obtaining the rotation R and the displacement T of the object, the world 

coordinates of the object can be obtained by combining the internal and external 

parameters of the camera. 

 

2.6 Iterative algorithm 

After obtaining the rough matching pose of the object, the rotation of the object 

theoretically has an error of less than 12°. In order to eliminate this error, an iterative 

algorithm is introduced, which calculates the object rotation information obtained by 

the rough matching, and finally obtains Rotation information with zero error (when the 

floating point number is set to 8 decimal places) 

If the rough matching object is rotated to ( ),A   =  , then on each basis, each axis is 

added or subtracted by a small angle of  . Since the rough matching interval is set to 

12°,   is set to a half of the coarse matching interval, that is, 6°. In this way, the 26 

angles of the adjacent space are obtained in the rough matching rotation space, and 

the contours of the object are obtained by using the 26 angles combined with the CAD 

model, and the contour sampling method introduced in 2.2 is combined with the 

formula (5) to find 5) The rotation ( ),A   =   with the smallest Li value is the angle of 

rotation of the object after iteration. 

Then iterate by continuously halving   to get a smaller range of angle values, and 

finally get the rotation angle of (3) is 0 (when the floating point number is set to 8 

decimal places), you can set the computer floating point number Get more precise 

rotation information. 

Combining the object translation information obtained when the rough matching is 

obtained, the accurate 6Dof position of the object is obtained. 

 

3. experimental data 

The experimental environment is configured as: 

The notebook is Lenovo Y7000, the system is ubuntu16.04, and the programming 

language uses python3.6. 

 

3.1 Object recognition accuracy 

The mask data input by this method adopts the mask output by the Mask-RCNN neural 

network. Due to the strong performance of the Mask-RCNN neural network itself, the 

data set training developed by ourselves has achieved an ideal recognition accuracy, 

which can satisfy this Method requirements: 
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Fig. 6 Mask-RCNN Image Recognition 

 

3.2 Rotational accuracy 

The rough matching rotation precision is determined by the generated rough matching 

data template. In the rough matching of this experiment, each degree of Euler angle is 

divided into 30 equal parts, so the accuracy is not more than 12°(360°/30), and the 

average is The highest precision of 8-bit floating point numbers is achieved after 6 

iterations. The following is a rough comparison of the mask map and a comparison of 

the iterations after iteration. The top three are the random pose mask of the object (ie 

input) from left to right, and the object rendered by the rough matching pose. Figure 

and the difference between the two (the green is the difference), the following three 

are the same mask, the object pose and the difference map after iteration: 

 

 

Fig. 7 Comparison Between Rough matching and after iteration 

It is proved by experiments that the rotation error after iteration is 0 at the 8-bit 

floating point number, and the green error in Fig. 5 is caused by the position error. 

 

3.3 Position accuracy 

Since the position of the algorithm is calculated by the bounding box of the object, the 

precision is limited by the pixel precision. In an extreme case, for example, a far object 

is smaller, and the bounding frame is proportionally reduced, so that the bounding 

frame is one pixel, and the position error is increased a lot. Therefore, the positional 

accuracy of the object depends on the camera pixel. The higher the camera pixel, the 

smaller the bounding box error, and the higher the object position accuracy. 

It has been experimentally tested that the positional accuracy of the 4x4x3 (cm) object 

varies with the distance of the object from the camera when the camera resolution is 

512x512 pixels. 
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Table I The Relationship Between Position Error And Distance 

Object to camera distance(mm) Error (mm) 

500 0-5 

1000 2-12 

2000 10-100 

5000 >100 

 

3.4 Comparison with other related pose methods 

Compared with the current representative methods of SSD-6D, BB8, etc. in the neural 

network, when the evaluation standard is the current general standard 2Dprojection[3], 

5cm5°[4] or 6Dpose[5], the method is accurate in rotation. The degree is close to 

100%, far surpassing other types of algorithms. The main source of error is position 

error. After considering the position error, the cause of the camera image resolution is 

considered to be inconsistent with other methods. 

There is a big gap in real-time performance. This method runs in the above personal 

notebook environment to detect a rough matching of a picture for about 0.6s, and the 

average time after iteration is about 40-60s. The 6dof pose method based on neural 

network can basically reach real-time (>20fps)[6] . The algorithm-based 6Dof pose 

method is more representative of Linemod[7] and can reach 15-18fps. 

The method is more prominent in the anti-interference ability, as long as the contour 

sampling of the object is basically correct, the lack of the middle of the object mask has 

little effect on the estimated pose of the method, as shown in Fig. 8. 

 

 

Fig. 8 Accuracy of Object Position and Orientation under Occlusion 

 

4. Conclusion 

This paper proposes an algorithm for estimating the 6dof pose of an object by 

combining the known information of the CAD model with the outer contour of the 
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object. This algorithm can be used as a general algorithm for detecting the pose of the 

object when the real-time requirement is not high. High and strong anti-interference 

performance, in practical applications, you can consider using C++ code and parallel 

computing to improve its real-time performance to meet the requirements of use. 
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