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Abstract
Interpersonal and intrapersonal face variation interference caused by multiple poses is challenging for distance-based face recognition systems. In 

this paper, we investigate the face-feature distance distribution for Chinese multi-pose faces. The simulation shows that the number of individuals in the 
gallery database will greatly affect the recognition performance for near-proϐile face images. It also provides a prediction of the Top-N occurrence rates in 
different gallery-size environments.
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Introduction

In single-camera-based face recognition systems, pose 
variance is the most signiϐicant factor affecting the performance 
of face recognition systems. People look very different from 
different angles. There are a large number of works on 
multi-pose face recognition [1,2] use multi-face-recognition 
classiϐication models on different poses. For example, the left-
CNN model [1] is used to identify the left pose of the human 
face. For single-model face recognition systems [3,4], face 
frontalization is the key promising technology to overcome 
the problem of model degradation owing to the variation of 
head pose in face recognition. The face frontalization process 
can be implemented in many different ways [5] synthesized 
partial frontal faces and then performed face matching also at 
the patch level. In [6], a geometry structure preserving GAN 
is proposed for multi-pose face frontalization. In [7], pose 
face frontalization is performed in feature space. However, 
most of these methods are stage-wise, which deviates from 
reality. That makes it difϐicult to analyze their implications 
for real-world scenarios. Therefore, we will focus on a simple 
model FaceNet face recognition system without the face 
frontalization process. FaceNet system [8] uses a large dataset 
of labelled faces to achieve the appropriate pose invariance. 
In this paper, we will study how pose variation affects the 
feature distance and recognition performance on a FaceNet-
based system. In particular, how it affects the answer to a real-
world Top N question in crime scene investigation society. 
The question is how many candidates need to be investigated 
in a multi-pose face recognition scenario in order to reach a 
certain kind of HIT probability.

The structure of a distance-based face recognition 
system

After image acquisition, an individual face image is aligned 
and cropped to a standard size. Then, the registered face image 
is transformed into a feature vector. Both the probe face image 
and all of the gallery face images are transformed in the same 
way. The distances between the probe image feature and all 
of the gallery image features are calculated and sorted. The 
probe image is associated with the N closest gallery candidates 
for further investigation. It is a very tricky problem to decide 
the number of N with a certain kind of probability of matching 
the right person. We will do the statistical simulation test later 
on and the answer will be in Appendix. 

There are many reasons for using n candidates instead of 
the top one. Time factor: The probe image and the gallery image 
may not be taken in the same period. Pose factor: Normally, 
gallery face images are taken under controlled circumstances, 
with good illumination, front poses, and neutral expressions. 
However, this is not the case for the probe image. The poses 
of the probe and gallery faces can be signiϐicantly different. 
A pose change causes a corresponding feature change, which 
results in distance variation between two feature vectors. The 
performance of the distance-based face recognition system 
will inevitably deteriorate.

Multi-pose feature vector distance variation

In this section, the characteristics of pose distance variation 
will be studied. First, we will look at the intrapersonal multi-
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occurrence rate at pose PD67 after 10k test runs  occurrence rate at pose PD45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 61.21 42.61 16.54 4.34 0.6 0.18  5 97.51 82.19 62.8 44.81 15.59 5.44

10 67.29 47.78 22.56 7.45 1.09 0.25  10 98.57 89.24 66.99 45.71 24.47 10.39
15 73.5 53.31 25.22 9.64 1.98 0.4  15 99.06 91.47 73.32 49.05 27.46 12.56
20 80.73 59.98 28.11 10.37 3.09 0.45  20 99.36 93.05 77.84 54.06 30.27 13.17
25 85.05 63.33 30.19 12.63 3.48 0.63  25 99.44 94.38 81.52 56.24 31.48 14.08
30 89.04 65.36 31.67 13.66 3.81 0.7  30 99.6 94.82 82.37 59.37 32.95 14.99
35 90.76 66.89 33.89 14.54 4.2 0.85  35 99.71 95.1 83.2 60.39 33.92 15.59
40 91.87 67.93 36.08 15.95 4.26 0.95  40 99.78 95.5 83.95 61.63 34.99 16.43
45 93.59 69.54 37.7 16.88 4.43 0.98  45 99.84 96.07 85.01 63.38 35.86 17.21
50 94.84 71.54 40.1 17.73 4.61 1.09  50 99.9 96.6 85.45 64.78 36.69 17.56

100 99.88 80.47 49.69 22.93 7.51 1.71  100 100 98.17 90.44 71.31 44.8 24.52
150 100 85.5 56.42 27.61 9.14 2.2  150 100 98.77 92.34 74.97 49.76 26.93

               
occurrence rate at pose PD30 after 10k test runs  occurrence rate at pose PD15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 99.72 97.55 81.88 65.79 37.56 11.99  5 99.62 97.13 90.12 71.63 46.5 14.21

10 99.91 98.24 90.06 71.8 45.91 18.52  10 99.84 98.68 93.58 79.5 52.24 23.71
15 99.95 98.43 91.06 76.86 50.06 21.72  15 99.92 99.09 94.34 82.52 59.06 28.03
20 99.96 98.75 93.47 78.46 51.85 23.71  20 99.97 99.26 95.53 84.87 62.71 31.57
25 99.96 99.12 94.27 80.01 55.16 25.69  25 99.98 99.37 96.25 86.49 65.32 35.98
30 99.96 99.26 95.11 81.63 57.64 27.4  30 99.99 99.42 97.05 87.83 66.8 39.03
35 99.97 99.38 95.44 83.13 59.12 28.36  35 100 99.56 97.34 88.25 68.07 40.67
40 99.97 99.52 96.23 84.52 60.37 29.32  40 100 99.64 97.61 88.68 69.87 42.15
45 99.97 99.6 96.74 85.49 61.49 31.09  45 100 99.67 97.74 89.31 70.38 44.19
50 99.98 99.64 97.03 86.08 62.12 32.34  50 100 99.74 97.87 89.64 71.5 45.06

100 100 99.9 98.4 91.28 70.02 41.19  100 100 99.87 98.7 93.42 76.86 53.2
150 100 99.94 98.95 92.71 74.66 46.19  150 100 99.92 99.01 94.86 80.86 56.56

               
occurrence rate at pose PD-67 after 10k test runs  occurrence rate at pose PD-45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 85.12 43.98 15.62 6.12 1.43 0.18  5 95.8 80 62.12 43.42 11.25 4.63

10 90.48 53.71 28.28 9.75 2.52 0.29  10 98.15 89.29 69.49 50.56 16.14 6.56
15 91.84 59.18 33.25 11.75 3.17 0.38  15 98.82 91.92 74.11 56.42 23.07 8.33
20 93.32 63.44 37.04 13.96 3.69 0.48  20 99.28 94.42 78.31 57.94 29.49 9.78
25 95.01 65.05 40.26 15.69 4.01 0.57  25 99.6 95.01 82.39 59.56 31.47 11.55
30 95.83 68.49 42.8 16.3 4.4 0.73  30 99.74 95.41 83.29 62.75 33.63 12.09
35 96.46 71.12 44.24 17.29 4.63 0.88  35 99.84 95.66 84.23 64.12 35.01 13.74
40 97.29 73.5 46.5 19.65 5.06 0.97  40 99.87 95.9 84.88 65.3 35.23 14.73
45 98.23 74.74 48.01 20.36 5.2 1.02  45 99.93 96.01 85.71 66.25 36.23 15.11
50 98.55 75.91 48.57 21.2 5.71 1.13  50 99.94 96.36 86.61 66.46 37.38 16.12

100 100 84.46 56.43 26.68 8.4 1.94  100 100 98.33 90.85 73.46 46.87 20.92
150 100 89.48 61.25 30.36 10.55 2.51  150 100 98.97 92.8 77.1 51.2 24.64

               
occurrence rate at pose PD-30 after 10k test runs  occurrence rate at pose PD-15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 99.5 92.89 75.81 64.77 33.62 10.46  5 99.72 95.92 88.1 67.24 49.73 11.76

10 99.82 95.81 87.3 68.47 41.53 19.15  10 99.77 97.94 91.73 76.22 54.62 15.23
15 99.88 97.53 89.27 72.39 45.19 23.15  15 99.8 98.4 94.15 78.08 57.87 25.71
20 99.92 97.71 90.85 73.91 47.22 24.21  20 99.85 99.03 94.65 79.24 59.41 29.01
25 99.93 98.48 92.21 77.39 50.08 25.98  25 99.95 99.26 95.21 81.16 60.77 33.99
30 99.96 98.87 92.87 78.99 52.65 27.37  30 100 99.31 95.98 82.21 63.74 35.88
35 99.96 99.08 94.24 80.38 54.27 28.46  35 100 99.49 96.3 83.85 64.9 37.11
40 99.96 99.25 94.68 82.31 55.52 29.63  40 100 99.56 96.6 85.88 65.76 38.27
45 99.98 99.3 95.27 83.01 56.55 30.37  45 100 99.62 96.78 87.1 67.83 39.53
50 99.98 99.38 95.63 83.71 57.31 30.97  50 100 99.65 97.1 87.89 68.43 40.21

Appendix Tables:   Multi-pose face recognition simulation results
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100 100 99.84 97.36 88.36 65.56 40.44  100 100 99.81 98.57 91.39 73.9 49.37
150 100 99.92 98.23 90.54 70.33 44.02  150 100 99.92 98.93 93.03 78.56 54.01

               
occurrence rate at pose PM67 after 10k test runs  occurrence rate at pose PM45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 79.45 38.99 8.46 1.52 0.2 0.01  5 99.84 98.42 87.56 67.39 35.6 10.6

10 89.62 55.61 14.9 3.67 0.32 0.01  10 99.94 98.92 92.22 74.68 46.93 14.66
15 95.46 62.85 19.04 4.91 0.48 0.01  15 99.98 99.25 94.06 78.5 50.47 19.14
20 96.6 69.77 23.4 6.05 0.8 0.02  20 99.98 99.43 95.43 82.8 55.94 20.39
25 97.7 73.16 26.18 6.79 0.93 0.02  25 100 99.5 95.79 84.44 57.93 23.38
30 98.41 75.26 28.93 7.75 1.15 0.04  30 100 99.59 96.57 85.74 60.63 25.99
35 98.92 78.44 32.12 8.84 1.38 0.05  35 100 99.65 97.02 85.98 62.69 28.39
40 99.13 79.93 33.91 9.38 1.48 0.06  40 100 99.67 97.24 87.16 64.54 30.69
45 99.3 82.02 36.89 10.42 1.65 0.07  45 100 99.72 97.52 88.61 66.08 31.12
50 99.33 83.21 38.44 11.4 1.73 0.1  50 100 99.75 97.69 89.58 67.03 34.25

100 100 91.98 55.92 18.48 3.36 0.2  100 100 99.94 98.96 92.33 73.03 44.04
150 100 94.63 63.5 24.01 4.86 0.31  150 100 99.96 99.33 94.76 77.59 49.18

occurrence rate at pose PM30 after 10k test runs  occurrence rate at pose PM15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 100 99.93 98.44 95.96 82.42 60.88  5 100 100 99.99 99.82 98.1 90.37

10 100 99.98 99.83 97.88 88.22 65.35  10 100 100 100 99.91 98.93 91.93
15 100 99.98 99.89 98.24 90.86 68.24  15 100 100 100 99.91 99.37 94.93
20 100 99.99 99.94 98.39 91.35 75.01  20 100 100 100 99.93 99.49 96.11
25 100 99.99 99.96 98.66 92.56 76.27  25 100 100 100 99.94 99.58 96.41
30 100 99.99 99.97 98.76 94.12 78.18  30 100 100 100 99.95 99.7 97.1
35 100 99.99 99.97 98.93 94.37 79.69  35 100 100 100 99.96 99.76 97.51
40 100 99.99 99.98 99.12 94.92 80.71  40 100 100 100 99.97 99.78 97.87
45 100 99.99 99.98 99.24 95.38 82.49  45 100 100 100 99.97 99.79 97.99
50 100 99.99 99.98 99.29 95.62 83.12  50 100 100 100 99.97 99.8 98.12

100 100 100 99.99 99.64 97.74 88.21  100 100 100 100 99.99 99.87 99.03
150 100 100 99.99 99.8 98.37 90.48  150 100 100 100 100 99.91 99.34

               
occurrence rate at pose PM-67 after 10k test runs  occurrence rate at pose PM-45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 78.72 39.56 8.74 1.78 0.13 0  5 99.49 94.92 69.86 55.12 29.81 8.93

10 83.61 47.6 16.25 2.95 0.21 0.01  10 99.83 97.68 88.43 64.13 40.79 11.81
15 90.77 51.51 18.08 3.73 0.28 0.01  15 99.9 98.44 91.28 70.75 45.05 14.41
20 92.82 58.58 21.97 4.4 0.41 0.01  20 99.93 98.76 92.91 72.91 47.97 15.99
25 94.93 64.08 24.19 5.59 0.47 0.02  25 99.97 99 93.97 74.99 49.46 17.89
30 96.18 68.17 25.61 6.7 0.73 0.02  30 99.98 99.26 94.72 76.19 51.68 20.5
35 96.82 69.82 26.68 7.52 0.83 0.03  35 99.98 99.35 94.95 77.94 53.03 22.59
40 97.24 70.93 29.93 8.24 0.88 0.03  40 99.98 99.49 95.11 78.76 55.06 24.14
45 97.81 72.49 32 9.1 0.96 0.04  45 99.98 99.53 95.73 80.39 55.86 24.95
50 98.26 73.6 32.57 9.45 1.01 0.05  50 99.99 99.6 95.91 81.29 58.02 26.22

100 99.95 84.43 43.42 15.56 2.16 0.13  100 100 99.84 97.57 87.95 66.08 35.46
150 100 88.57 51.98 19.05 3 0.2  150 100 99.93 98.35 90.63 71.06 40.53

               
occurrence rate at pose PM-30 after 10k test runs  occurrence rate at pose PM-15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 100 99.95 99.41 94.45 68.49 46.61  5 100 100 99.99 99.75 97.79 90.67

10 100 99.97 99.59 96.27 77.36 54.53  10 100 100 99.99 99.91 99.3 92.22
15 100 99.97 99.76 97.05 85.77 60.74  15 100 100 100 99.96 99.5 94
20 100 99.97 99.81 97.59 90.34 64.73  20 100 100 100 99.98 99.59 94.94
25 100 99.97 99.85 98.22 91.55 69.14  25 100 100 100 99.98 99.68 95.48
30 100 99.97 99.86 98.47 92.5 70.54  30 100 100 100 99.98 99.74 95.7
35 100 99.98 99.89 98.64 93.27 73.62  35 100 100 100 99.98 99.78 95.99
40 100 99.98 99.89 98.76 93.35 75.23  40 100 100 100 99.98 99.78 96.67
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45 100 99.98 99.93 98.9 93.65 75.89  45 100 100 100 99.98 99.81 97.03
50 100 99.98 99.97 99.08 94.08 77.32  50 100 100 100 99.98 99.82 97.4

100 100 99.99 99.99 99.53 96.61 83.54  100 100 100 100 99.99 99.94 98.81
150 100 100 99.99 99.66 97.57 87.06  150 100 100 100 99.99 99.99 99.35

               
occurrence rate at pose PU67 after 10k test runs  occurrence rate at pose PU45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 68.78 35.73 9.74 1.28 0.05 0  5 96.94 88.75 60.92 35.53 10.86 0.79

10 81.69 51.18 15.55 2.54 0.13 0  10 98.48 91.23 70.59 43.61 14.56 2.23
15 85.48 54.61 16.11 3.37 0.19 0.01  15 99.19 93.81 75.7 46.8 20.01 3.18
20 90.81 57 18.86 4.37 0.38 0.01  20 99.52 95.3 77.56 50.61 22.91 4.25
25 92.05 60.57 23.89 4.8 0.44 0.01  25 99.72 96.22 81.16 56.52 25.22 5.89
30 93.68 63.17 26.29 5.71 0.58 0.01  30 99.76 96.56 82.21 60.03 26.97 6.9
35 96.74 65.11 27.06 6.58 0.68 0.01  35 99.91 96.79 84.13 61.63 28.37 7.72
40 97.17 67.94 29.51 7.2 0.8 0.02  40 99.96 97.02 85.21 62.75 30.45 8.39
45 97.72 69 30.99 8.11 0.95 0.02  45 99.96 97.45 85.68 63.62 31.14 9.49
50 98.28 71.54 33.6 8.68 1.02 0.03  50 99.97 97.7 86.38 65.23 32.47 9.98

100 100 82.86 43.78 12.84 1.56 0.11  100 100 99.04 92.97 73.09 39.73 15.17
150 100 88.04 50.41 15.89 2.4 0.15  150 100 99.48 94.66 77.51 45.94 17.83

               
occurrence rate at pose PU30 after 10k test runs  occurrence rate at pose PU15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 99 97.54 88.1 60.43 28.99 4.73  5 99.67 97.88 89.97 75.16 44.62 8.86

10 99.73 98.05 90.81 67.18 40.32 7.12  10 99.97 98.71 94.02 77.2 52.57 17.34
15 99.88 98.74 93.15 69.29 45.8 14.74  15 99.99 99.05 94.58 79.41 56.46 27.59
20 99.92 99.37 93.81 75.78 49.96 17.74  20 99.99 99.29 95.63 82.74 58.66 32.94
25 99.93 99.52 94.16 79.23 50.36 22.23  25 99.99 99.49 96.37 84.78 60.74 34.74
30 99.93 99.61 95.08 81.3 52.01 24.06  30 100 99.51 97.04 85.57 62.94 36.53
35 99.96 99.7 95.75 82.8 53.87 25.26  35 100 99.55 97.32 86.61 64.45 39.6
40 99.96 99.77 95.93 83.36 57.4 26  40 100 99.59 97.6 87.11 66.81 40.02
45 99.96 99.8 96.46 83.84 59.26 27.08  45 100 99.7 97.84 87.95 67.43 41.28
50 99.98 99.87 96.54 84.53 60.36 27.87  50 100 99.75 97.95 89.27 68.39 42.68

100 100 99.95 98.09 89.49 68.73 38.65  100 100 99.9 99.05 93.68 77.65 52.21
150 100 99.97 98.76 92.46 73.2 43.85  150 100 99.93 99.36 95.4 81.31 56.6

occurrence rate at pose PU-67 after 10k test runs  occurrence rate at pose PU-45 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 56.46 22.13 6.57 0.63 0.13 0  5 97.32 87.24 62 27.91 10.4 0.51

10 73.89 30.88 10.21 1.58 0.19 0.01  10 98.83 93.63 71.11 37.46 13.48 0.77
15 79.55 35.13 11.92 2.02 0.29 0.02  15 99.24 94.57 71.88 41.68 15.98 1.97
20 83.6 38.91 14.38 2.91 0.48 0.03  20 99.59 95.13 75.01 46.09 17.4 2.53
25 84.71 43.18 15.36 3.49 0.54 0.06  25 99.69 96.01 80.36 47.68 18.62 3.77
30 88.54 45.38 17.88 3.98 0.58 0.09  30 99.76 96.46 82.36 51.3 21.06 4.24
35 89.8 49.64 19.03 4.23 0.67 0.1  35 99.91 96.82 82.98 53.83 22.23 4.62
40 90.75 51.2 20.39 4.69 0.87 0.11  40 99.92 97.37 84.46 55.82 23.14 4.94
45 91.91 52.2 21.23 5.08 0.92 0.12  45 99.95 97.49 85.51 58 25.32 5.34
50 93.38 52.9 22.03 5.46 1.04 0.13  50 99.97 97.97 86.67 59.45 25.87 5.68

100 99.89 64.94 30.37 8.28 1.86 0.26  100 100 99.11 91.29 67.43 33.38 10.2
150 100 73.26 35.37 11.34 2.57 0.33  150 100 99.44 93.41 71.97 40.24 13.02

               
occurrence rate at pose PU-30 after 10k test runs  occurrence rate at pose PU-15 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 98.75 95.02 72.67 60.75 25.43 3.55  5 99.35 97.08 85.14 70.09 40.26 8.63

10 99.73 97.54 86.27 64.72 31.09 7.31  10 99.78 97.99 89.54 74.62 47.42 13.5
15 99.82 98.78 89.25 69.02 38.64 11.94  15 99.94 98.47 92.1 77.45 54.19 20.71
20 99.95 98.92 91.36 70.75 42.77 14.67  20 99.98 98.66 93.37 78.8 56.31 25.77
25 99.97 99.13 91.99 74.85 45.8 17.38  25 99.98 98.99 94.01 81.02 58.51 27.54
30 99.97 99.26 92.79 76.66 47.77 18.36  30 99.99 99.1 94.5 82.77 61.57 29.61
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35 99.98 99.35 93.59 78.18 49.62 19.29  35 100 99.18 94.94 83.92 62.77 31.48
40 99.99 99.4 93.89 80.4 51.89 21.21  40 100 99.29 95.31 84.63 63.72 33.23
45 99.99 99.54 94.21 81.41 52.66 23.13  45 100 99.35 95.72 85.65 64.68 35.74
50 99.99 99.54 95.06 82.18 54.08 24.29  50 100 99.4 95.98 86.46 66.03 38.03

100 100 99.88 97.14 87.3 61.34 32.4  100 100 99.75 97.95 90.73 73.96 45.58
150 100 99.9 98.07 89.77 67.28 37.17  150 100 99.85 98.69 92.49 77.45 52.3

               
occurrence rate at pose PD00 after 10k test runs  occurrence rate at pose PU00 after 10k test runs 

Top-N
the number of individuals in the gallery database  

Top-N
the number of individuals in the gallery database

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07
5 99.09 96.42 89.16 68.27 44.75 16.72  5 99.28 96.09 86.75 69.83 39.41 19.38

10 99.55 98.24 91.21 73.48 51.37 23.5  10 99.73 97.84 89.65 76.97 53.2 21.9
15 99.69 98.47 92.37 74.61 57.43 27.1  15 99.79 98.37 91.02 78.9 56.82 25.88
20 99.81 98.6 93.56 79.78 59.91 30.62  20 99.84 98.7 92.77 80.95 60.35 28.16
25 99.84 98.81 93.81 82.32 61.32 33.9  25 99.9 98.83 94 83 62.68 29.61
30 99.89 98.94 94.09 83.59 61.77 37.17  30 99.93 99.12 94.57 84.86 64.71 30.96
35 99.93 99.08 94.61 84.48 62.77 38.54  35 99.94 99.21 95.31 85.61 65.49 31.99
40 99.95 99.13 94.97 84.98 63.55 39.74  40 99.94 99.23 95.74 86.28 65.82 34.49
45 99.97 99.19 95.13 85.47 65.24 40.63  45 99.95 99.34 95.91 87.08 67.33 35.59
50 99.98 99.29 95.47 86.2 66.27 42.45  50 99.95 99.4 96.37 87.42 68.5 37.38

100 100 99.67 97.04 89.6 73.77 50.43  100 100 99.68 97.48 91.87 74.31 47.27
150 100 99.74 97.83 91.53 76.96 53.65  150 100 99.78 98.13 93.51 79.31 53.98

individual (left side of the grid) and different individuals (right 
side of the grid) in Figure 4 and ϐind that the distance-based 
face recognition performance is poor when the interpersonal 
distance and the intrapersonal distance overlap. Early 
research [11] also showed that a 45-degree difference in pose 
between the query image and the database image will make 
face recognition ineffective.

Figure 4 shows how the FaceNet-based system will 
perform in multi-pose circumstances. If we want to know the 
detailed implications of the Top N candidates question, we 
need to perform further calculations. First, we need to know 
the distance distribution of each pose. Then, we can make 
Monte Carlo simulations.

Intrapersonal multi-pose distance distribution: We 
use the MATLAB distribution ϐitter to plot the probability 
distribution, which suggests that the data distribution for 
the i ntrapersonal multi-pose distance is lognormal. After 
that, we use the ϐit function to model different pose distance 
distributions. The estimated lognormal distribution model 
parameters are listed in Table 1. The mean (mu) value 
increases with the yaw angle for all three pitch angles PD, 
PM, and PU. This makes sense. Face recognition suffers from 
intra-class imbalances due to the yaw angle and pitch angle 
pose variations. The inϐluence of the Multi-pose effect caused 
the bias part of the distance distribution, which is highly 
correlated with the angle.

Figure 5 shows that the intrapersonal distance data 
distribution is also seriously inϐluenced by angel differences. 
For small angel data, the distance distribution nearly 
overlapped. 

Interpersonal multi-pose distance distribution: It is 

pose feature vector distance variation, and next, at the 
interpersonal variation. The CAS-PEAL Chinese face database 
[9] is used as the face image data source. The FaceNet model 
[8] is used for face feature extraction.

Intrapersonal feature vector distance variation: 
In the PEAL database, there are many possible sources of 
intrapersonal variation: pure pose, expression, lighting, 
etc. We study only face images with varying poses, and we 
measure the vector distance with the front neutral pose. The 
pose notation we use is the same as in the PEAL paper [9]. PU: 
the subject is asked to look upward about 30˚; PD: the subject 
looks downward about 30˚; PM: the subject looks straight 
ahead. The notation “±nn” indicates the yaw angle of the head.

There are approximately 100 individuals in part I of the 
PEAL database with pose yaw angles of 0°, 22°, 45°, and 67° 
and approximately 936 individuals in part II with p ose yaw 
angles of 0°, 15°, 30°, and 45°. We perform a simple statistical 
analysis and show the results in Figure 1 and 2. From these 
ϐigures, we ϐind that a smaller yaw angle causes a shorter 
feature distance. The same is true for the pitch angle. A similar 
result is reported in [10]. Remark: For posing PM00, a few 
data records do not have zero distance due to the quantization 
error, and most of them are zero.

Interpersonal feature vector distance variation: The 
feature distances between multi-pose face images and frontal 
face images from different individuals are calculated. The 
individuals are chosen at random. Figure 3 shows that the 
pose variation for the interpersonal distance is very small and 
negligible.

Comparison of i nterpersonal and intrapersonal multi-
pose distance variations

We compare feature vector distance ranges for the same 
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Figure 1:  Multi-pose feature distance variation for the same individual in part I of the dataset.

Figure 2: Multi-pose feature distance variation for the same individual in part II of the dataset.
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Figure 3: Multi-pose feature distance variation for different individuals in part II of the dataset.

Table 1: Fit parameter estimation for intrapersonal multi-pose distance data.
Intrapersonal multi-pose distance distribution Distribution: Lognormal

pose PD67 PD45 PD30 PD22 PD15 PD00 PD-15 PD-22 PD-30 PD-45 PD-67
mu -0.22373 -0.50714 -0.65882 -0.4169 -0.74549 -0.74044 -0.74116 -0.43259 -0.68147 -0.52914 -0.25182

sigma 0.166565 0.189915 0.176488 0.184561 0.202825 0.226672 0.201121 0.192504 0.189427 0.188411 0.155488
            

pose PM67 PM45 PM30 PM22 PM15 PM00 PM-15 PM-22 PM-30 PM-45 PM-67
mu -0.40174 -0.70487 -0.97462 -0.99834 -1.27866 -2.23557 -1.28959 -0.97234 -0.99387 -0.72201 -0.35053

sigma 0.171545 0.178082 0.18007 0.193947 0.19532 0.532403 0.198194 0.209431 0.184443 0.187973 0.177513
            

pose PU67 PU45 PU30 PU22 PU15 PU00 PU-15 PU-22 PU-30 PU-45 PU-67
mu -0.29104 -0.54521 -0.70247 -0.61657 -0.7984 -0.8456 -0.78419 -0.59197 -0.68837 -0.52792 -0.21304

sigma 0.159953 0.175322 0.182836 0.169773 0.196784 0.2358 0.208956 0.18928 0.181327 0.16863 0.18392

Figure 4: Interpersonal and intrapersonal multi-pose distance variation.
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not surprising that we ϐind that the interpersonal distance has 
a normal distribution. We use the same procedure to estimate 
the interpersonal distribution and list the model parameters 
in Table 2. The means (mu) are very similar for different yaw 
angles and pitch angles.

Multi-pose performance simulations for a face recogni-
tion system

We have built a FaceNet-based face recognition system 
called FaceSearch. The FaceSearch system responds to a probe 
face search request with n (predeϐined) candidates sorted by 
short feature vector distances. These are the top N candidates. 
Usually, investigators need to combine other information for 
further investigation. It is beneϐicial to understand the system 
limitations of multi-pose face recognition and how much the 
hit probability changes with the value of n.

Many factors affect the recognition performance. Multiple 
poses may be the major factor, and another factor is the 
number of individuals in the gallery [12]. When there are 
more individuals, there are more interpersonal variations to 
confuse the probe. To evaluate the percentage of correct hits 
among n candidates, we performed 10k times Monte Carlo 
simulations for different poses.

Figure 6 is the result for 10k Monte Carlo runs on the 
near-proϐile view PD67. This intuitive drawing shows that the 
performance is not very good, even for small galleries (100 
individuals). The investigator needs to check the top 35 people 
to obtain a 90% chance of ϐinding the right one. The ϐirst table 
in the Appendix will give more numerical detail. The situation 
will be worse when the gallery database becomes larger. In 
10000 individual galleries, only a 33.89 percent chance of Hit 

Figure 5: Probability plot for intrapersonal multi-pose distance data and 2 ϐitted distributions.

Table 2: Fit parameter estimation for interpersonal multi-pose distance data.
Interpersonal multi-pose distance distribution Distribution: normal

pose PD67 PD45 PD30 PD22 PD15 PD00 PD-15 PD-22 PD-30 PD-45 PD-67
mu 1.0823 1.06416 1.05519 1.06382 1.04632 1.04325 1.04036 1.0545 1.04345 1.05942 1.06531

sigma 0.122236 0.127667 0.130015 0.122753 0.131846 0.132423 0.132756 0.126713 0.132748 0.129285 0.118169
            

pose PM67 PM45 PM30 PM22 PM15 PM00 PM-15 PM-22 PM-30 PM-45 PM-67
mu 1.03075 1.04734 1.03636 0.991804 1.01634 1.00049 1.00533 0.977443 1.01768 1.03482 1.02852

sigma 0.145427 0.13264 0.13372 0.134905 0.135936 0.137884 0.134682 0.140215 0.134253 0.137084 0.144351
            

pose PU67 PU45 PU30 PU22 PU15 PU00 PU-15 PU-22 PU-30 PU-45 PU-67
mu 1.03769 1.05493 1.04468 0.989915 1.02635 1.00648 1.00977 0.982893 1.01873 1.04295 1.04545

sigma 0.135426 0.133816 0.135359 0.129207 0.135059 0.13635 0.131597 0.130559 0.130366 0.133 0.133039
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Figure 6: Occurrence rate at pose PD67 after 10k test runs.

our face recognition system is mainly operated in China. 
Comparing the result with other (e.g. western Caucasian) face 
databases will be the future work.
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