Appendix
A.1. Qualitative comparisons of visualized results
These are the qualitative comparisons of the experiments in the original study, which aim to provide a general understanding of the OG-SLAM improvements compared with the ORB-SLAM2 system [1]. The following figures are the visualized results of the four experimental datasets which are mentioned in the original study Section 4. The Mapping-end is not the focus of this study, but the sparse point cloud has been used here to visualize the corresponding V-SLAM performance in real-time. The notations in this supplementary material have the same meaning as the original study. OKA represents the ORB key-points amount extracted by the corresponding V-SLAM system. O1000 represents the ORB-SLAM2 system [1] with 1000 OKA, O1800 represents the ORB-SLAM2 system [1] with 1800 OKA, and G1800 represents the proposed OG-SLAM framework with 1800 OKA.
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Figure A.1. The visualized real-time experimental results of dataset 1. (a) is the real-time sparse point cloud map of O1000, and (b) is the corresponding real-time frame. (c) is the real-time sparse point cloud map of O1800, and (d) is the corresponding real-time frame. (e) is the real-time sparse point cloud map of G1800, and (f) is the corresponding real-time frame. In the (a), (c), and (e), the blue rectangles represent the previous key-frames in the track, the green rectangles represent the matched key-frames, and the red points represent the sparse point cloud reconstructed by the corresponding V-SLAM system. In (b), (d), and (f), the green squares represent the ORB key points extracted from the current frame. The red rectangle highlights the results of the OG-SLAM framework.
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Figure A.2. The visualized real-time experimental results of dataset 2. (a) is the real-time sparse point cloud map of O1000, and (b) is the corresponding real-time frame. (c) is the real-time sparse point cloud map of O1800, and (d) is the corresponding real-time frame. (e) is the real-time sparse point cloud map of G1800, and (f) is the corresponding real-time frame. In the (a), (c), and (e), the blue rectangles represent the previous key-frames in the track, the green rectangles represent the matched key-frames, and the red points represent the sparse point cloud reconstructed by the corresponding V-SLAM system. In (b), (d), and (f), the green squares represent the ORB key points extracted from the current frame. The red rectangle highlights the results of the OG-SLAM framework.
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Figure A.3. The visualized real-time experimental results of dataset 3. (a) is the real-time sparse point cloud map of O1000, and (b) is the corresponding real-time frame. (c) is the real-time sparse point cloud map of O1800, and (d) is the corresponding real-time frame. (e) is the real-time sparse point cloud map of G1800, and (f) is the corresponding real-time frame. In the (a), (c), and (e), the blue rectangles represent the previous key-frames in the track, the green rectangles represent the matched key-frames, and the red points represent the sparse point cloud reconstructed by the corresponding V-SLAM system. In (b), (d), and (f), the green squares represent the ORB key points extracted from the current frame. The red rectangle highlights the results of the OG-SLAM framework.
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Figure A.4. The visualized real-time experimental results of dataset 4. (a) is the real-time sparse point cloud map of O1000, and (b) is the corresponding real-time frame. (c) is the real-time sparse point cloud map of O1800, and (d) is the corresponding real-time frame. (e) is the real-time sparse point cloud map of G1800, and (f) is the corresponding real-time frame. In the (a), (c), and (e), the blue rectangles represent the previous key-frames in the track, the green rectangles represent the matched key-frames, and the red points represent the sparse point cloud reconstructed by the corresponding V-SLAM system. In (b), (d), and (f), the green squares represent the ORB key points extracted from the current frame. The red rectangle highlights the results of the OG-SLAM framework.

[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK7]The three points can be achieved from the above figures (Figure A.1, A.2, A.3, and A.4): (i) It is obvious that more ORB feature points can be obtained for each frame in the O1800 and G1800, which provides more information for the camera motion estimation. (ii) It is noteworthy that when the tracking matches are less than 50, the new keyframe is added to the track. Compared to the O1000, the O1800 and G1800 contain more key points to reduce the key-frames amount. This reduces the bundle adjustment (BA) computational frequency, thus the overall V-SLAM efficiency is increased. (iii) Compared to the O1800, the ORB key points in O1800 are more concentrated, and the background key points and the background sparse point cloud are both reduced. According to Equation (4) in the original study, the camera motion estimation is actually based on the projection. When the distance between the object point and the phase plane increases, the corresponding P coordinate estimation error also increases. Subsequent global optimization of the BA projects the object point back to the phase plane and then does the least squares, which will double the estimation error. Therefore, compared with the key points in the background, the key points satisfied the motion smoothness is more reliable, which improves the motion estimation accuracy.

A.2. Quantitative comparisons of experimental records
As mentioned in the original study, the experimental results in Section 4 are the average value of ten individual experiments. This section provides specific experimental records as below. Exp. No. represents the “Experimental Number”, which is the index of individual experiment. KFA represents the key-frame amount. ATER represents the root-mean-square error of absolute trajectory error (ATE). SPF represents the second-per-frame. m represents meters. Ave. represents the average value of different items.
Table A.1. Experimental records of datasets 1, 2, 3, and 4.
	Dataset 1 experimental records

	Exp. No.
	O1000
	O1800
	G1800

	
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF

	1
	30
	0.011295
	0.0238423
	25
	0.017819
	0.0295167
	26
	0.023933
	0.0294887

	2
	31
	0.010149
	0.0236274
	25
	0.010192
	0.0301894
	24
	0.011300
	0.0296000

	3
	29
	0.074557
	0.0235956
	26
	0.013096
	0.0300945
	26
	0.008446
	0.0298866

	4
	31
	0.092356
	0.0238230
	20
	0.013656
	0.0298097
	24
	0.009879
	0.0301047

	5
	29
	0.095634
	0.0231453
	23
	0.013943
	0.0296746
	26
	0.012206
	0.0302746

	6
	29
	0.085364
	0.0238610
	24
	0.015034
	0.0301088
	23
	0.017933
	0.0299644

	7
	28
	0.014129
	0.0242509
	26
	0.017607
	0.0300216
	24
	0.038515
	0.0302643

	8
	34
	0.047952
	0.0228014
	24
	0.010586
	0.0299912
	24
	0.014092
	0.0300551

	9
	30
	0.051850
	0.0238726
	24
	0.010918
	0.0300455
	23
	0.023025
	0.0296320

	10
	28
	0.049610
	0.0239776
	24
	0.012809
	0.0299418
	25
	0.010364
	0.0296242

	Ave.
	29.9
	0.0533166
	0.0236801
	24.5
	0.016969
	0.0298891
	24.1
	0.013566
	0.0299394

	Dataset 2 experimental records

	Exp. No.
	O1000
	O1800
	G1800

	
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF

	1
	31
	0.124454
	0.0225261
	25
	0.111048
	0.0293906
	28
	0.122617
	0.0296382

	2
	35
	0.155565
	0.0225676
	27
	0.097427
	0.0293871
	26
	0.093547
	0.0296821

	3
	33
	0.139955
	0.0221864
	26
	0.106741
	0.0296256
	29
	0.099128
	0.0298026

	4
	35
	0.108519
	0.0226171
	24
	0.170540
	0.0297713
	28
	0.114286
	0.0297500

	5
	32
	0.153128
	0.0222660
	28
	0.107772
	0.0295343
	27
	0.105686
	0.0295588

	6
	33
	0.102134
	0.0222290
	27
	0.118865
	0.0299730
	27
	0.090424
	0.0297686

	7
	36
	0.120653
	0.0226691
	26
	0.086298
	0.0297188
	27
	0.047523
	0.0298524

	8
	33
	0.135747
	0.0227621
	29
	0.103990
	0.0293978
	24
	0.093780
	0.0292546

	9
	32
	0.101025
	0.0224146
	26
	0.134252
	0.0294705
	25
	0.062372
	0.0295883

	10
	30
	0.134890
	0.0227048
	27
	0.121574
	0.0292362
	27
	0.098440
	0.0296419

	Ave.
	33.0
	0.127607
	0.2249427
	26.5
	0.115851
	0.0295502
	26.8
	0.092780
	0.0296537

	Dataset 3 experimental records

	Exp. No.
	O1000
	O1800
	G1800

	
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF

	1
	119
	0.627582
	0.0253211
	104
	0.717598
	0.0323975
	97
	0.453794
	0.0329765

	2
	125
	0.872606
	0.0244009
	105
	0.505680
	0.0331646
	100
	0.628394
	0.0328093

	3
	128
	1.008298
	0.0250876
	96
	0.757643
	0.0326410
	101
	0.703157
	0.0330854

	4
	121
	1.019209
	0.0245926
	98
	0.842543
	0.0309424
	101
	0.681312
	0.0329921

	5
	125
	0.987527
	0.0246044
	97
	0.494775
	0.0329325
	101
	0.668855
	0.0330804

	6
	120
	0.637034
	0.0247176
	104
	0.613334
	0.0330133
	105
	0.578084
	0.0329177

	7
	126
	0.827110
	0.0250021
	102
	0.873638
	0.0343705
	96
	0.557294
	0.0325503

	8
	122
	0.535985
	0.0242771
	99
	0.908661
	0.0345206
	102
	0.712818
	0.0329208

	9
	122
	0.437493
	0.0240373
	110
	0.667592
	0.0338886
	100
	0.639394
	0.0329703

	10
	127
	1.106919
	0.0246371
	98
	0.885947
	0.0339614
	100
	0.646261
	0.0325441

	Ave.
	123.5
	0.805976
	0.0246678
	101.3
	0.724093
	0.0331835
	100.3
	0.629936
	0.0328847

	Dataset 4 experimental records

	Exp. No.
	O1000
	O1800
	G1800

	
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF
	KFA
	ATER(m)
	SPF

	1
	67
	0.099936
	0.0222295
	59
	0.054875
	0.0295167
	59
	0.061501
	0.0288076

	2
	65
	0.155093
	0.0236328
	58
	0.017790
	0.0301894
	60
	0.064072
	0.0289737

	3
	67
	0.186474
	0.0238719
	59
	0.151310
	0.0300945
	54
	0.076709
	0.0284688

	4
	66
	0.019549
	0.0229150
	49
	0.082135
	0.0298097
	58
	0.121002
	0.0286107

	5
	67
	0.105185
	0.0225053
	56
	0.184026
	0.0296746
	58
	0.076842
	0.0286284

	6
	64
	0.021294
	0.0232936
	57
	0.177782
	0.0301088
	53
	0.152871
	0.0285606

	7
	67
	0.194963
	0.0221378
	55
	0.072091
	0.0300216
	58
	0.027911
	0.0286707

	8
	65
	0.131601
	0.0226239
	56
	0.067899
	0.0299912
	54
	0.157581
	0.0286077

	9
	63
	0.147166
	0.0243659
	58
	0.052217
	0.0300455
	56
	0.227709
	0.0290726

	10
	68
	0.125532
	0.0225875
	58
	0.197567
	0.0299418
	60
	0.070260
	0.0285512

	Ave.
	65.9
	0.104721
	0.0233778
	56.5
	0.105765
	0.0287159
	57.0
	0.088359
	0.0286982


The red and bold values are the results of the OG-SLAM framework.
A.3. Equation derivation
A.3.1. Linear property derivation
According to Equation (5, 6) in the original study, the transformation between pixel and object point can be represented by a matrix, F (as shown in Equation (S-1)).
[image: ][image: ]                                              (S-1)
Therefore, the matrix F is Equation (S-2):
[image: ][image: ]                                               (S-2)
Also, F can be transferred to the vector format, f (Equation (11)), which can be understood as a vector in nine-dimensional (9D) coordinates. On the other hand, if Equation (S-1) divides a non-zero value into both sides, Equation (S-1) is the same. This is the scale-invariance. If we assume the non-zero value is l and takes the l into the F, then Equation (S-3) is achieved:
[image: ][image: ]                             (S-3)
If [image: ][image: ], then Equation (S-4) is achieved:
[image: ][image: ]                         (S-4)
Therefore, Equation (11) and (12) is achieved.
A.3.2. Scoremval
According to Equation (16), the Scoremval of all experiments is shown in Table 2.
	Dataset
	O1000
	O1800
	G1800

	1
	1.066332×10-3
	0.339386×10-3
	0.271320×10-3

	2
	2.552140×10-3
	2.317014×10-3
	1.855606×10-3

	3
	1.611953×10-2
	1.448189×10-2
	1.253973×10-3

	4
	2.094419×10-3
	2.115290×10-3
	1.767174×10-3


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Table 1. The Scoremval for all datasets. The red Scoremval values represent the lowest values among all three experiments, and the red system is the strongest system among all systems.
The less the Scoremval is, the stronger robustness of the V-SLAM system is. 
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