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Fourier Merlin transform visual SLAM algorithm in highly
dynamic environments

Luan Tiantian, Lyu Fengkun,Ban Xicheng,Sun Mingxiao
(School of Automation, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: To address the limitations of the static assumption in visual SLAM for dynamic real-world applications, a visual SLAM
algorithm is proposed, which is based on Fourier-Mellin transform for high dynamic environments. It involves Fourier-Mellin transform
for motion compensation, employs frame differencing for motion mask generation, utilizes the short-term dense connection network for
semantic segmentation to identify potential moving objects, combines motion and object masks to obtain the final object motion region,
and eliminates the corresponding feature points in that region. Finally, the pose accuracy is optimized based on stable static feature
points. Experimental results demonstrate a reduction of over 95% in absolute trajectory error and relative pose error compared to ORB-
SLAM2, and over 30% compared to DS-SLAM. These evaluate its excellent localization accuracy and robustness in complex dynamic
scenes. The impact of motion blur and lighting changes on motion detection is effectively mitigated, and the limitations of traditional
dynamic SLAM in detecting non-prior motion objects are overcome.
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Fig. 1 General flow diagram of the SLAM system
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k1 AR A = (10) fras, o, D(x,y) A @ WizEn &,
1. functiion FOURIER MELLIN TRANSFORM

ALGORITHE (im0, im1)
2. F_im0=DFT(im0)
3. F_iml=DFT(iml)
4. filtered_F_im0=HPF(F_im0)
5. filtered_F_im1=HPF(F_iml)
6: LP_im0=LPT(filtered_F_im0)
7. LP_im1=LPT(filtered_F_im1)
8 (x,vy)= A A& (LP_im1,LP_im0Q)
9: rotation_angle ,scaling_factor_PEARFEM (x,y)
10:  im2=FERE4E 1 (im0, rotation_angle , scaling_factor)
11: (x,y)=MAAHSE (iml ,im2)
12: im3="FK(im2,x,y)
13: return im3
14 . end function
15 ;. function A AHE (iml,im0)
16: F_im0=DFT(im0)
17: F_iml=DFT(iml)
18: Q,,=CPS(F_im0,F_iml)
19: €, =IDFT(Q,,)
20. x,y=argmax(C)
21. return x,y

22 .end function
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Fig. 3 Example diagram of image alignment
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Input. Current frame, iml; Alignment frame, im3

(11)

QOutput: Motion masks, motion Mask

1 begin
2 Difference image, D=abs(im1-im3)
3 for each pixel position (i,j) in D do
4 if D(i,j) i T then
5 | D(ij)= 255
6 else
7 | D(i,j)=0
8 end if
9 end for
10 CannyOutput = Canny (D)
11 Contours List=findContours ( CannyOutput )
12 filteredContours =1 |
13 for each contour in ContoursList do
14 rect =minAreaRect ( contour)
15 aspectRatio = CalculateAspectRatio ( rect)
16 if aspectRatio>threshold then
17 ‘ filteredContours. push_back( contour)
18 end if
19 end for
20 motionMask = createNewMask ( im1. size)
21 for each contour in filteredContours do
22 motionMask = AreaSetOne ( contour ,motionMask )
23 end for

24 end
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Fig. 4 Example diagram of inter-frame difference
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2.2 EERFMIERR 2.3 TEELSW

Ak [ P 4 X5 5 708 1R 22 (absolute trajectory error,
ATE) FIAHXFV 2515 22 ( relative pose error, RPE) 3 #Efl
HERE, R A 1222 (root mean square error, RMSE)
#RiEZE (standard deviation, SD) VERIFMF84R. 48X %5
INMRZIRMTHA S 5 B B A i E 3 21, R
PR A i 2 R — Bt o AR 3R 22 ) Bl
AR 4] 2 B T ] o 1A V9 T 2 ) o 8050 22 AR K B8, e B B
TEF R AER: 5 T IR 1B DL o

ARE BT ORB-SLAM2 F %, 5 H it 47 e g ]
AR 4 B 06 UE A B i M BB . 1 b 3h 7S SLAM 45 38 %
KB THEZ — , DS-SLAM & A8 3 i 55 — />t i
X5, ARBE PS5 ORB-SLAM2 | DS-SLAM 8.3 4 Xf §iL
WIRE RS RIME 1 M2 Fx, HETEENE,
2 P Bt 25 SR R R o BB vk R A 98 R
Vol 25 AR B vk B TR AR, TR LA B L AR B R I FE AR S
b iU

F1 HIHPITREITLLER

Table 1 Comparison results for absolute trajectory error

ORB-SLAM2 DS-SLAM Ak
izl
RMSE SD RMSE SD RMSE SD
fr3/s/static 0.007 941 0. 003 906 0. 006 051 0. 003 162 0. 006 523 0.003 288
3/ w/ static 0.337 815 0.124 654 0.009 313 0. 006 131 0. 007 780 0. 004 305
£3/w/half 0. 896 690 0. 336 069 0.034 131 0.020 673 0. 020 509 0. 009 639
3/ w/1py 0.756 718 0.390 958 0.042 984 0. 032 459 0. 026 988 0.014 872
f3/w/ xyz 0. 825 030 0.328 485 0.020 571 0.012 721 0.013 303 0. 007 258
x2 HWNPIRENBHER 18 BN G 1L B LARAE SSB F T 7, 7E 3B S B g A Bk
Table 2 Improved results of ATE % YT RENEE,
ORB-SLAM2 DS-SLAM % 3~5 fir/n 5 ORB-SLAM2 5 DS-SLAM &1
1 m— = m—— = FAX LSS BRI B R LS5 SR A2 R Bh T3, AR S P
5 A7 YR L b A 1= S L 3
fr3/s/static 17. 86 15.82 -7.80 -3.98 %%Bé}*ﬁjﬁ{iﬁmﬁ Hﬁﬁﬁ*ﬁm%g& 2Lt SLA_M2 igls%
£13/w/ stati 97.70 96. 55 16. 46 29.78 fF 98% LA L, 2 DS-SLAM %y { 60% LA L, 4722 52
tat: g A A 7
o ORB-SLAM2 ¥4 97% L4 I, % DS-SLAM ¥JF& 1 60%
3/ w/half 97.71 97. 13 39.91 53.37 . _ . S
o DL b ZEMRBIAIFS AR B IE A 38 50 A X L B3R 25
£3/w/1py 96. 43 96. 20 37.21 54.18 HIE 5 MR 22 % ORB-SLAM2 &A% 35% LI b, AivE 2%
13/ w/ xyz 98.39 97.79 35.33 42.94 ¥ ORB-SLAM?2 $4[A% 15% L

M1 52 ] LIFE AR 0 4 X Bl 1R 25 19
Y057 MR 22 5 bR o 22 #0 B /8 T ORB-SLAM2 5 DS-
SLAM, A BIEFE M A AT 5 b BA B S ik B 5 5 Bk
HIRZE S o TE fr3/w/xyz JPE KB R 7 R R 22
545 22 M1 %F F ORB-SLAM2 [& ik T 2 98.39% #
97.79% , #1%TF DS-SLAM F&AK T 24 35. 33% F1 42. 94% ,,
& fr3/w/half J¥5] i, 2 B35 1 3 07 MR 1R 25 FAn HE 25 4
XFF ORB-SLAM2 &A% T %5 97. 71% #1 97. 13% , #XF T
DS-SLAM F&AIK T 2 39. 91% 1 53. 37% . #EshART,
ARIEEA EIF St

{EAEARBNAS T 5 v, A 0 B 4 % 250 3R 22 1R 35 O
HR 122 5 A o 22 A X F ORB-SLAM2 FEARAN K 17. 86%
H115. 82% , A% T DS-SLAM #2755 T 7. 80% 55 3. 98% , X
EF NS SFI 12 X R I AN R 22 8, 8

K 3~5 Ht— R T ARRIETE R A B
B 5Tk K T HE R4 1 #E K 3 & 7 51, DS-
SLAM FE¥ 5 iR 25 S 25 L R4, (HLPR L, X
3B RIER BT, S LR, AEEERDES
Fe3 F M3 F ORB-SLAM2 & DS-SLAM 4 i Z# 5}, {H
ARSI FH AR N K B2

5 ORB-SLAM2 F1 DS-SLAM #f kb, A% 8 vk 1] ) i 2%
BEsSRENEMEE., M TEIESR, AR LM
BT ORB-SLAM2 #2 & 95% LA b 09K B, M3 F DS-
SLAM #2755 7 30% LJ_E .

2.4 FEHESH

AT HE—E VM RS, B E i3/ w/xyz 5 fi3/w/half
P E S HEAT A, G 6 F1 7 R, 4R R AHBLI 2
SR, SR RN AR B WA T L, MR R R
DS-SLAM B3k (%) 4k 71 313k, & £k & 78 ORB-SLAM2 55
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Table 3 Comparison results for the translational part of the relative pose error
ORB-SLAM2 DS-SLAM N R
gl
RMSE SD RMSE SD RMSE SD
fr3/s/ static 0.012 103 0. 005 840 0. 008 949 0. 004 296 0. 010 603 0. 005 056
fr3/w/ static 0. 486 938 0. 341 487 0.013 437 0. 008 197 0. 004 914 0. 002 927
fr3/w/half 1.342 842 0. 779 283 0. 048 477 0. 026 282 0. 013 843 0. 007 477
fr3/w/rpy 1.130 769 0. 618 580 0. 060 520 0. 042 995 0.019 688 0.012 912
fr3/w/xyz 1.063 109 0. 607 480 0. 031 376 0. 019 606 0. 012 251 0. 007 088
x4 ENCBREREDIILER
Table 4 Comparison results for the rotational part of the relative pose error
ORB-SLAM2 DS-SLAM =R
izl
RMSE SD RMSE SD RMSE SD
fr3/s/ static 0.357 612 0. 154 609 0. 319 432 0. 143 304 0. 339 546 0. 149 898
fr3/w/ static 8.783 950 6. 138 754 0. 336 851 0. 179 199 0. 163 276 0. 089 555
fr3/w/half 29.877 778 17. 363 695 1.083 718 0. 555 097 0. 419 055 0.221 003
fr3/w/rpy 20. 939 665 12. 482 105 1. 321 652 0. 947 359 0. 487 972 0. 295 657
fr3/w/xyz 20. 158 381 11. 361 161 0.765 591 0. 506 155 0. 392 613 0. 275 395
x5 HEMLERRENBHER
Table 5 Improved results of RPE %
AL R4 TRk R 4y
iz ORB-SLAM2 DS-SLAM ORB-SLAM2 DS-SLAM
RMSE SD RMSE SD RMSE SD RMSE SD
fr3/s/static 12.39 13.42 -18.48 -17.69 5.05 3.05 -6.30 -4.60
fr3/w/ static 98.99 99. 14 63.43 64.29 98. 14 98. 54 51.53 50. 02
fr3/w/half 98.97 99. 04 71.44 71.55 98. 60 98.73 61.33 60. 19
fr3/w/rpy 98. 26 97.91 67.47 69. 97 97. 67 97. 63 63.08 68.79
fr3/w/xyz 98. 85 98. 83 60. 95 63. 85 98. 05 97. 58 48.72 45.59
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Fig. 6 Trajectory plot under fr3/w/xyz sequence

Fig. 7 Trajectory plot under fr3/w/half sequence
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