A. Additional experiment results

This appendix includes the full set of results for each experiment type: illumination change, viewpoint change and weather
change. For each experiment, we show

1) Plot of failure rate vs. the main experiment parameter;

2) Correlation plot of the failure and recall rates;

3) Table of the failure rates for each value of the main experiment parameter;

4) Table of the recall rates measured by driving the route by autopilot with access to ground truth vehicle state;

For the illumination change we show results from two environments (Town01 and Town10). The viewpoint experiments were
conducted only in TownO1, the weather experiments in Town10. For full experiment specifications see the main paper.

A.1. Illumination change results - Town(01
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Figure A.1.1: Relationship of failure rate with illumina- Figure A.1.2: Relationship between the failure rate and re-
tion levels k. Marker color indicates type for local features, call rate T1. Marker color and shape indicate feature type.
shape for global features.
TownO1
PR LF k=0 1 2 3 4 5 6 7 8 9 10
Ap- Sift 00 18 48 55 51 51 116 283 321 228 214
GeM  D2-net 02 7.1 111 126 126 139 209 262 217 149 209
R2D2 02 15 38 43 50 51 7.8 134 214 18.0 187
SuperPoint 00 00 00 00 00 00 00 02 45 76 146
Net-  Sift 02 15 28 41 63 56 89 293 325 247 199
VLAD D2-net 03 68 132 127 119 146 230 248 222 212 180
R2D2 02 13 38 36 41 45 7.1 162 215 197 169
SuperPoint 00 00 00 00 00 00 00 02 18 55 123
Wheel odometry 17.9
Table A.1.1: Navigation failure rates over 5 repeated runs of the same route at each illumina-
tion level k. Smaller is better. PR = place recognition method, LF = local feature type.
Town01
PR LF k=0 1 2 3 4 5 6 7 8 9 10
T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3
Ap- Sift 98.0/98.2/99.8 89.5/92.9/99.0 84.7/89.6/96.5 86.7/89.3/96.1 85.9/89.3/96.7 85.4/89.5/954 73.8/78.5/90.5 453/51.6/639 19.2/23.8/298 9.2/11.8/16.4 35/58/8.6
GeM D2-net 92.3/95.7/99.8 79.8/86.7/97.5 67.3/74.7/90.1 68.8/74.8/90.1 69.1/74.7/88.0 62.8/70.9/85.7  46.9/58.1/738 24.0/28.5/393 8.6/109/15.6 2.1/3.1/62 05708720

R2D2 98.0/98.4/100.0 91.9/94.1/98.7 85.5/90.4/97.7 85.7/90.6/96.2 80.6/88.2/97.0 84.5/88.0/96.5 73.3/79.7/93.6 53.0/62.8/79.1 31.7/375/50.5 16.6/204/23.6 11.2/129/15.0
SuperPoint  100.0/100.0/100.0  100.0/100.0/100.0  99.8/99.8/99.8  97.7/99.8/100.0  99.5/100.0/100.0  99.2/99.3/99.7  95.9/98.5/99.0 91.4/94.6/96.5 81.7/86.3/90.5 59.2/650/71.5 43.7/48.9/579

Net- Sift 97.4/98.5/99.8 91.0/93.3/99.2 84.4/81.7/97.5 86.3/89.5/96.9 87.2/89.8/97.4 82.7/87.5/96.5 732/79.6/923 47.2/53.1/67.6 21.9/27.0/344 9.2/13.8/20.5 5.8/82/13.0
VLAD D2-net 96.1/96.9/99.7 77.2/85.1/98.7 69.9/75.8/90.1 68.4/74.8/90.0 67.9/75.7/81.3 65.5/71.9/863  438/524/750 242/29.9/42.6 10.0/13.0/179  2.1/44/8.0 05/1.2/1.8
R2D2 98.4/98.5/99.7 84.3/91.8/98.7 86.5/91.0/97.5 83.7/87.0/97.2 86.2/89.5/97.5 83.5/87.3/96.2 76.6/82.4/93.1 58.2/66.1/83.1 31.6/37.7/492 19.2/22.2/27.6 138/153/18.3

SuperPoint  100.0/100.0/100.0  99.7/99.8/100.0  99.7/99.7/100.0  100.0/100.0/100.0  99.8/100.0/100.0  99.7/100.0/100.0 94.4/99.2/99.5 92.8/96.7/99.7 86.2/90.8/96.1 72.5/78.1/87.2 56.4/60.4/68.1

Table A.1.2: The localization recall rates for the reference paths at illumination levels k£ with thresholds T1 (< 0.25m, <2°),
T2 (<0.50m,<5°) and T3 (<5.00m, <10°).



A.2. Illumination change results - Town10
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Figure A.2.1: Relationship of failure rate with illumina- Figure A.2.2: Relationship between the failure rate and re-
tion levels k. Marker color indicates type for local features, call rate T1. Marker color and shape indicate feature type.
shape for global features.
Townl10
PR LF k=0 1 2 3 4 5 6 7 8 9 10| CT
Ap- Sift 00 13 22 40 31 36 103 170 250 263 19.6 | 169
GeM D2-net 00 36 40 62 54 85 134 201 129 147 103 | 165
R2D2 00 18 40 58 54 49 94 98 205 129 134 | 1%
SuperPoint 00 09 09 04 18 13 1.8 1.8 3.1 5.8 129 | 193
Net- Sift 00 00 18 22 09 1.8 67 179 344 281 219|134
VLAD D2-net 04 09 40 36 7.6 7.6 129 201 11.6 107 9.8 | 139
R2D2 00 22 22 36 49 40 7.1 7.6 152 13.8 10.7 | 167
SuperPoint 00 04 09 00 00 00 00 04 13 31 85166

Wheel odometry 9.8 ‘

Table A.2.1: Navigation failure rates over 5 repeated runs of the same route at each illumina-
tion level k. Smaller is better. PR = place recognition method, LF = local feature type, CT =
computation time (ms).

Town10

PR LF k=0 1 2 3 4 5 6 7 8 9 10
T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3
Ap- Sift 95.2/96.4/99.6 93.1/93.1/94.4 89.5/90.3/92.7 89.5/91.1/92.3 87.1/87.9/91.5 89.1/90.7/91.9 76.6/79.0/83.9 54.8/60.5/67.3 12.5/16.5/33.5 1.6/2.4/8.1 0.0/0.4/3.6
GeM D2-net 94.7/98.4/99.2 87.5/90.3/93.5 84.2/88.7/91.9 85.0/90.3/92.7 819/87.1/92.7 758/81.9/90.7 46.8/53.6/653 6.5/12.5/24.2 0.0/0.0/12 0.0/0.0/0.4 0.0/0.0/0.0
R2D2 93.1/94.7/99.6 91.5/91.9/94.4 883/90.7/923 87.4/88.7/91.5 855/87.9/903 84.7/87.5/89.9 758/78.2/83.5 51.8/56.7/63.6 157/21.4/31.5 2.0/2.8/5.6 04/0.8/2.8

SuperPoint  99.6/100.0/100.0  97.2/97.2/97.2 96.0/96.0/96.0 948/952/952 94.4/94.4/944 947/947/947 93.1/93.5/93.5 90.7/94.0/944 734/754/762 51.2/53.2/56.5 359/37.5/41.5

Net Sift 96.4/97.2/100.0  95.6/96.8/98.0 92.7/94.0/948 89.6/91.2/932 87.9/90.7/93.5 89.1/91.1/923 754/77.8/85.1 585/63.3/685 129/17.3/355 1.6/4.4/93 04704720
VLAD D2-net 97.2/99.6/100.0  89.5/91.9/96.0 86.7/89.5/94.0 85.1/89.1/94.0 83.1/88.3/927 789/85.8/903 452/585/69.4 10.5/14.5/28.6 0.0/0.0/0.8 0.0/0.0/0.4 0.0/0.0/0.0
R2D2 91.6/92.8/99.6 927/944/96.4 88.7/91.1/92.7 863/89.1/91.1 859/89.1/90.7 863/89.5/91.5 76.6/80.6/87.1 551/59.9/66.0 14.1/202/33.9 20/228/65 0.4/0.8/2.0

SuperPoint  100.0/100.0/100.0 98.8/99.2/99.2 97.2/97.2/97.6 98.4/98.8/98.8 97.6/98.0/98.0 98.0/98.0/98.0 98.0/98.0/98.0 95.2/96.4/96.4 86.7/87.9/88.7 65.1/69.5/72.7 50.0/55.2/58.1

Table A.2.2: The localization recall rates for the reference paths at illumination levels k£ with thresholds T1 (< 0.25m, <2°),
T2 (<0.50m,<5°) and T3 (<5.00m, <10°).



A.3. Viewpoint change results - Town(01
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Figure A.3.1: Relationship between failure rate and eleva- Figure A.3.2: Relationship between the failure rate and re-

tion and pitch offsets z, 6. See Table (below) for ele- call rate T1. Marker color and shape indicate feature type.
vation and pitch pairs.

TownO1

PR LF z2=0 2 4 5 6 7 8 9 10 11 13 15 16
0=0 10 225 275 325 35 375 40 40 40 40 40 40
Ap- Sift 0.0 13 50 104 142 192 272 323 349 344 384 369 358
GeM D2-net 02 28 296 422 386 31.8 348 290 310 298 29.6 250 235
R2D2 02 07 7.0 162 21.0 225 247 228 205 212 21.0 187 212
SuperPoint 00 00 00 02 10 18 22 40 53 73 98 137 131
Net- Sift 02 17 40 94 144 192 267 308 341 354 377 392 4l.1
VLAD D2-net 03 28 30.1 407 346 315 353 31.6 305 308 263 230 224
R2D2 02 07 7.8 166 220 230 240 260 212 220 240 21.7 232
SuperPoint 00 00 00 05 20 25 18 46 65 66 93 139 123

Wheel odometry 17.9

Table A.3.1: Navigation failure rates over 5 repetitions of the same route at each gallery to-
query camera pose (viewpoint) offset. z = elevation shift, § = pitch shift.

TownO1
PR LF z2=0 2 4 5 6 7 8 9 10 11 13 15 16
0=0 10 225 275 325 35 375 40 40 40 40 40 40
TI1/T2/T3 T1/T2/T3 T1/T2/T3 TI/T2/T3 TI1/T2/T3 T1/T2/T3 T1/T2/T3 TI/T2/T3 TI1/T2/T3 T1/T2/T3 T1/T2/T3 TI/T2/T3 TI1/T2/T3
Ap- Sift 98.0/98.2/99.8 959/96.9/979 87.5/89.3/93.1 788/83.4/88.3 66.7/72.1/788 58.7/658/74.0 50.1/57.8/65.7 38.6/47.1/558 36.6/41.5/49.2 29.7/38.4/463 21.4/265/333 178/21.9/31.2 174/222/29.7
GeM D2-net 923/957/99.8 89.8/952/98.2 26.0/46.4/768 10.3/21.8/539 4.1/95/235 1.8/82/21.2 1.0/3.8/135 0.7/2.3/87 0.8/1.3/8.1 0.0/0.3/5.6 00/02/23 0.0/0.0/1.0 0.0/0.0/0.5
R2D2 98.0/98.4/100.0 98.0/98.0/98.5 79.6/81.4/888 64.1/67.6/755 40.3/49.7/599 285/385/50.2 222/299/44.1 127/21.2/360 122/202/31.7 105/183/286 7.4/148/229 7.6/13.0/21.1 6.1/11.5/21.1
SuperPoint  100.0/100.0/100.0  99.5/99.5/99.7 96.7/96.7/98.5 94.7/949/974 89.8/90.3/94.1 852/86.8/924 81.0/833/882 743/76.6/83.9 69.1/72.7/80.1 653/70.1/76.0 54.4/60.7/66.4 457/52.3/57.1 429/49.8/54.9
Net- Sift 97.4/985/99.8 96.4/96.9/97.9 88.5/90.1/938 81.7/852/89.3 69.5/755/829 61.8/67.3/73.5 552/61.1/68.6 453/522/63.3 39.5/46.9/55.1 38.6/44.7/522 26.5/33.8/438 23.6/27.8/36.6 20.1/239/30.8
VLAD  D2-net 96.1/96.9/99.7 90.3/96.7/98.7 26.3/46.6/785 123/21.2/572 56/11.3/282 1.5/7.4/23.0 1.2/48/168 1.5/3.0/14.1 03/1.3/89 03/08/59 0.0/0.0/3.3 0.0/0.0/1.3 0.0/0.0/1.6
R2D2 98.4/98.5/99.7 98.4/984/99.0 79.3/81.1/88.7 66.2/70.8/79.3 46.6/53.5/63.4 35.7/44.1/533 263/33.3/455 16.1/256/386 159/23.0/33.4 14.1/19.0/292 102/17.2/238 82/126/21.2 9.0/128/20.2

SuperPoint  100.0/100.0 /100.0  99.0/99.0/99.2 96.7/96.7/98.0 95.1/95.1/974 91.4/923/96.2 87.2/88.3/95.1 81.1/84.9/91.4 77.7/81.1/883 729/77.0/845 683/73.8/79.4 60.5/68.3/73.7 54.9/66.1/71.3 53.8/62.0/68.1

Table A.3.2: The localization recall rates for the reference paths at elevation and pitch changes z, 6 with thresholds T1 (<
0.25m, <2°), T2 (<0.50m,<5°) and T3 (<5.00m, <10°).



A.4. Weather change results - Town10
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Figure A.4.1: Relationship between failure rate and visual

range v.
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Figure A.4.2: Relationship between the failure rate and re-

call rate T1. Marker color and shape indicate feature type.

Town10
PR LF v =90 60 30 10
Ap- Sift 85 254 254 219
GeM D2-net 12.1 13.8 103 129
R2D2 10.3 125 103 103
SuperPoint 0.0 04 1.8 22
Net- Sift 7.6 259 295 259
VLAD D2-net 125 134 107 94
R2D2 94 80 76 85
SuperPoint 00 00 00 09
Wheel odometry 9.8

Table A.4.1: Failure rates at gallery-to-query weather (visibility) changes v.

Town10

PR LF v =90 60 30 10
T1/T2/T3 T1/T2/T3 T1/T2/T3 T1/T2/T3

Ap- Sift 72.6/79.0/86.3 42.6/43.0/49.0 26.2/28.2/31.5 20.6/23.4/28.2
GeM D2-net 63.7/71.0/81.5 415/444/54.8 30.2/33.1/40.3 26.1/29.7/35.3
R2D2 72.4/76.8/82.8 48.6/51.4/56.3 33.6/36.8/40.9 30.2/31.5/34.3
SuperPoint  96.0/96.4/96.4 89.2/90.0/90.0 85.9/86.7/88.7 85.5/86.7/87.6

Net- Sift 77.1/82.3/88.8 48.8/51.6/56.5 30.2/343/379 21.8/23.4/282
VLAD D2-net 62.1/70.6/82.3 45.6/50.8/63.3 355/37.1/44.0 26.2/31.5/39.1
R2D2 77.2/81.2/86.8 58.1/59.7/64.1 40.6/42.2/46.6 30.6/34.7/39.5
SuperPoint  97.6/97.6/97.6 97.6/97.6/97.6 93.1/94.0/94.0 89.5/90.7/91.5

Table A.4.2: The localization recall rates for the reference paths at visual ranges v with

thresholds T1 (< 0.25m, <2°), T2 (<0.50m,<5°) and T3 (<5.00m, <10°).



