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Visual place recognition based on multi-level feature difference map

Zhang Guoshan, Zhang Peichong, Wang Xinbo
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Perceptual aliasing and perceptual variability caused by drastically appearance changing in the
scene bring great challenge to visual place recognition. Many existing visual place recognition methods
using CNN directly adopted the distance of the CNN features and set thresholds to measure the similarity
between the two images, which had shown a poor performance when drastically appearance changing in
the scene. A novel multi —level feature difference map based visual place recognition method was
proposed. Firstly, a CNN pretrained on scene —centric dataset was adopted to extract features for
perceptually different images of same place and aliased images of different places. Then, according to the
different properties of different CNN layers, multi—level feature difference map was constructed on the
multi —level CNN features to represent the difference between the two images. Finally, visual place

recognition was regarded as a binary classification task. The feature difference maps were used to train a
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new CNN classification model for determining whether the two images are from the same place.

Experimental results demonstrated that the feature difference map constructed by multi—level CNN features

can well represent the difference between two images, and the proposed method can effectively overcome

perceptual aliasing and perceptual variability, and achieve a better recognition performance when

drastically appearance changing in the scene.
Key words: visual place recognition;

perceptual variability;
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Fig.1 Flow of visual place recognition based on multi-level feature difference map
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Tab.1 Dimension of the feature vector and the size

of the feature difference map

Layer Dimension Size

conv3_ 802 816 784x1024
pool3 200 704 256x784
convd_ 401 408 512x784
pool4 100 352 256x392
convs_ 100 352 256x392
pool5 25088 128x196

fc 4096 64x64
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T Y6 i & max pooling 73 # 28 x28 x256 [ feature
maps, RJ5 FI I 3x3x512 19 4 B 1L 28x28x512
i feature maps;conv4_3 £ 5 AN 7% ;convs_3 8 i =
W 4 BRI — IR X 1] pooling 15 F] 28 x28 x512 1Y
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Fig.2 Fusion of multi-level CNN features
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Fig.3 Architecture of the proposed classification model
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Fig.4 Perceptually different images of the same place in
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(a)—(c) are captured at different times of day:
daytime, sunset and night; aliased image pairs

of different places are shown in (d)—(e)
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Tab.2 Precision and accuracy on the test set for

different layers

Layer Precision Accuracy
conv2_1 0.686 12 0.593 33
conv2_2 0.714 82 0.736 67

pool2 0.723 89 0.726 67
conv3_1 0.864 82 0.873 33
conv3_2 0.856 21 0.863 33
conv3_3 0.888 16 0.893 33

pool3 0.883 82 0.883 33
conv4_1 0.886 08 0.906 67
conv4_2 0.890 32 0.903 33
conv4_3 0.861 64 0.883 33

poold 0.833 89 0.896 67
conv5_1 0.896 10 0.906 67
conv5_2 0.918 37 0.910 00
convs_3 0.908 50 0.916 67

pool5 0.904 46 0.923 33

fco 0.783 12 0.793 33

MR SR AT VLA 58— 50 AR5 A,
XEF T sRAR UL, &R B RCR B R A T A
B b R AR AR R R AR L TR Z IR
FRAE B8 UE 1 78 37 5 U 55 v TR 2 e A /Y B 20k

100%
0.7k L Al 20 oy
0.6l - ‘\ "\J-\/ VIR ~120%
. Loss(train) Loss(val) >
" 0.5F 160% g
& 0.4f £
— 0.3k Accuracy(val) 140% 5
0.2 120%
0.1f
0 10 30 50 70 90 0
Epoch
0 10 20 30 40 50 60 70 80 90 100
(al) fc7
100%
0.7
0.6} Accuracy(val) 180%
" 0.5 160% ?:?
g 0.4 £
0.3 140% &
02 Loss(val) h
’ 120%
0.1F Loss(traln)
0 50 70 90 0
Epoch
10 20 30 40 50 60 70 80 90 100
(a2) conv2_ 2
100%
0.7( .
0.6 Accuracy(val) 180%
” 0.5 160% ?3?
§ 0.4 g
0.3 Loss(val) 140% §
0.2 120%
0.11 Loss(train)
0 " . i i H 0
10 30 50 70 90
Epoch

0 10 20 30 40 50 60 70 80 90 100

(bl) cov5_ 3
100%

0.7 .

0.6 Accuracy(val) 180%
5 02 160% &
go4 g

03 Loss(val) 140% §

o2 & A 20%

0.17 Loss(train)

0 L . L i 0
10 30 50 70 90
Epoch

0 10 20 30 40 50 60 70 80 90 100
(b2) cov3 3

0203004-5



oGk T2

www.irla.cn

% 47 A

%24
\ 100%
i
8; Accuracy(val) 180%
, 05 160% 2
g 0.4 £
- 0.3 Loss(val) '40%5
0.2 PRI 120%
0.1r Loss(train)
0 H \ . . , 0
10 30 50 70 90
Epoch
[ 1 1 n n n n 1 n 1 1
0 10 20 30 40 50 60 70 80 90 100
(cl) covd 3
100%
0.7 f(
Accuracy(val 1809
0.6 y(val) 80%
g 05 {60% 2
£ 0.4 g
~ 03 Loss(val) {409 &
’ VAR =
0.2 120%
0.1 Loss(train)
0 0
10 30 50 70 90
Epoch

0 10 20 30 40 50 60 70 80 90 100
(c2) pool4
Bl 5 f AR I 2R 45 2R

Fig.5 Training result of mono-level features
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Fig.6 Visualization results using deconvolution
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Fig.8 Training results of multi-level feature difference map . ; ; ; ;
. . . 0 10 30 50 70 90 0
RISEXFTEEREENRE ENBEREMERE Epoch

Tab.3 Precision and accuracy on the test set

for multi-level feature difference map

Layer Precision Accuracy
pool5+conv5_3+conv5_2 0.918 72 0.926 67
pool5+conv4_1+conv3_3 0.937 56 0.936 67

pool3+pool4+pool5 0.948 13 0.943 33
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Fig.9 Training results on AlexNet and GoogleNet
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Tab.4 Average precision for different layers of the

method 1
Layer Average precision
conv3_1 0.530 94
conv3_2 0.529 74
conv3_3 0.518 54
pool3 0.522 03
convd_1 0.545 27
conv4d_2 0.553 00
convd_3 0.554 68
pool4: 0.564 65
conv5_1 0.577 40
convs_2 0.596 21
conv5_3 0.590 79
pool5 0.601 27
fco 0.591 59
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Tab.5 Average precision of the other two methods

Method Average precision
Method 2 0.732 59
Method 3 0.795 90

IS B S5 0] LU (1) 24 & 7 kA ™
iy 2 A S g A HT CNINRRAE 4 25 4 4 1)
AL 1) D7 125 7 RE AR S Hb 2 % 5 3 14 198 {0 Ok A4 bl
i P A o A ok F TR — 3, U HE A R (2) T
5 3 BROCR W AL T R R R D55, B
TRlE Z )2 CNN R A BETS B XL IR, WL A 45 5 &
R R AL 5 (3) X b SC AP 3 T 20 J2 UORR AIE 22 7t LI O
2B T RS 22 CNN RHIE M 2 1Y 2 2 IORFAE 22
S REAR 4 MR AE R 2 T i 25 5, MR Ah LA

Az i 247 Al AT T IR B e Y TR R R
3 5 i

B X 3 550 0 WL T B AR Ak 5 1R B J R i 2 R
AR5 SCHR Y T —FlORT B Rl 22 )2 CNINCRRAE A4
FEAE 22 5 B 0 A58 3 50 00 O vk IR I i R 45k .

(1) CNN ARl 2 FRAE X 56 B8, A0 ff 55 0 6 bk
AN, GG N TR 2 0 HE s )2 B R AR BE 8 4R A5 T
I U R

0203004-8



oGk T2

www.irla.cn

% AT %

(2) 24 A B i 22 FIZAAL S )RR AIE 22 S (]

AALGEAR I R AL AR Z B A0 22 57, et ik &
B, 24355 40 W & A ) 20 A A i 475 BE BRAS AR B A
R

HEAh DA IS B v 3R A B 22 i RN i 22 gk

AR SR R, LR BT I 5 R R 22 S IR o)
RISy i 2 i 5 ik AR A T 2 PR AIE

S E K

(1]

(21

(3]

[4]

(5]

(o]

(71

(81

(91

[10]

[11]

Lowry S, Siinderhauf N, Newman P, et al. Visual place
recognition: A survey [J]. IEEE Transactions on Robotics,
2016, 32(1): 1-19.

Lowe D G. Object recognition from local scale —invariant
[C]//The Seventh IEEE

features Proceedings of the

International Conference on Computer Vision, 1999, 2:
1150-1157.

Bay H, Ess A, Tuytelaars T, et al. Speeded-up robust
(SURF) [J].

Understanding, 2008, 110(3): 346-359.

features Computer Vision and Image
Cummins M, Newman P M. Appearance-only SLAM at large
scale with FAB —MAP 2.0 [J]. International Journal of
Robotics Research, 2011, 30(9): 1100-1123.

Angeli A, Filliat D, Doncieux S, et al. Fast and incremental
method for loop-closure detection using bags of visual words
[J]. IEEE Transactions on Robotics, 2008, 24(5): 1027-1037.
Nister D, Stewenius H. Scalable recognition with a vocabulary
tree [C]//Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, 2006, 2: 2161-2168.

Oliva A, Torralba A. Building the gist of a scene: The role
of global image features in recognition[J]. Progress in Brain
Research, 2006, 155: 23-36.

Blaer P, Allen P. Topological mobile robot localization using
fast vision techniques [C]//IEEE International Conference on
Robotics and Automation, 2002, 1: 1031-1036.

Krizhevsky A, Sutskever I, Hinton G E. Imagenet
classification with deep convolutional neural networks [C]//
Advances in Neural Information Processing Systems, 2012:
1097-1105.

Babenko A, Slesarev A, Chigorin A, et al. Neural codes for
image retrieval [C]//European Conference on Computer
Vision. Springer International Publishing, 2014: 584—599.
Redmon J, Divvala S, Girshick R, et al. You only look
once: unified, real-time object detection [C]//Proceeding of
the IEEE Conference on Computer Vision and Pattern

Recognition, 2016:779-788.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

0203004-9

Luo Haibo, Xu Lingyun, Hui Bin, et al. Status and prospect
of target tracking based on deep learning [J]. Infrared and
Laser Engineering, 2017, 46(5): 0502002. (in Chinese)

Bao Xuejing, Dai Shijie, Guo Cheng, et al. Nonlinear
distortion image correction from confocal microscope based
on interpolation [J]. Infrared and Laser Engineering, 2017,
46(11): 1103006. (in Chinese)

Li Q, Li K, You X, et al. Place recognition based on deep
feature and adaptive weighting of similarity matrix [J].
Neurocomputing, 2016, 199: 114-127.

Hou Y, Zhang H, Zhou S. Convolutional neural network-
based image representation for visual loop closure detection
[C]//TIEEE International

Automation, 2015: 2238-2245.

Conference on Information and
Zhou B, Lapedriza A, Xiao J, et al. Learning deep features
for scene recognition using places database [C]//Advances in
Neural Information Processing Systems, 2014: 487-495.
Arandjelovic R, Gronat P, Torii A, et al. NetVLAD: CNN
architecture for weakly supervised place recognition [C]//
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition. 2016: 5297-5307.

Jégou H, Douze M, Schmid C, et al. Aggregating local
descriptors into a compact image representation [C]//
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, 2010: 3304-3311.

Stinderhauf N, Shirazi S, Dayoub F, et al. On the
performance of convnet features for place recognition [C]//
IEEE International Conference on Intelligent Robots and
Systems, 2015: 4297-4304.

Simonyan K, Zisserman A. Very deep convolutional networks
for large—scale image recognition [J]. Computer Vision and
Pattern Recognition, 2014, arXiv preprint arXiv:1409.1556.
Zeiler M D, Fergus R. Visualizing and Understanding
[C]//European

Computer Vision, 2014: 818-833.

Convolutional ~ Networks Conference on
Glorot X, Bengio Y. Understanding the difficulty of training
deep feedforward neural networks [C]//Proceedings of the
Thirteenth International Conference on Artificial Intelligence
and Statistics, 2010: 249-256.

Jia Y, Shelhamer E, Donahue J, et al. Caffe: Convolutional
architecture for fast feature embedding [C]//Proceedings of
the 22nd ACM
2014, arXiV preprint arxiv: 1408.5093.

A, Arandjelovic R, Sivic J, et al.

international conference on Multimedia,

Torii 24/7 place
recognition by view synthesis [C]//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition,

2017: 2667665.



