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Bracketed numbers in the tables below (e.g. [22]) refer to the reference list of the main article.

Supplementary Table 1. Performance comparison on reasoning segmentation queries from RVTBench, where our proposed RVTagent demonstrates substantial improvements over existing approaches.
“ft” stands for fine-tuned model.

\ T (%) (1) \ F (%) (1) \ T&F (%) (1)
Model ‘ Semantic Spatial Temporal ‘ Semantic Spatial Temporal ‘ Semantic Spatial Temporal

‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4 ‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4 ‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4
LISA-7B [4] 10.77 10.86 11.06 10.43 10.24 10.09 10.60 10.26 21.59 13.97 13.63 11.29 7.21 7.21 7.42 6.55  6.69 6.57 7.07 6.45 1642 9.74 9.23 7.01 8.99 9.04 9.24 8.49 847 8.33 8.83 836 19.06 11.86 11.43 9.15
LISA-13B [4] 11.49 1179 11.82 10.89 11.49 10.69 11.35 10.61 22.80 16.08 14.14 11.81 7.8 818 813 730 771 725 780 713 1653 11.42 9.65 7.58 9.69 998 997 9.09 9.60 897 9,57 887 19.66 13.75 11.89 9.70
LISA++ [11] 10.34 1049 10.79 987 9.93  9.71 1044 9.54 2479 15.07 13.07 11.10 6.72 678 7.08 623 579 618 695 6.03 18.14 10.53 8.67 6.90 853 863 894 805 786 794 869 7.79 2146 12.80 10.87 9.00
VISA [5] 3.94 355 334 297 454 389 377 313 741 293 295 257 889 980 956 9.02 1013 9.79 9.06 874 13.08 1034 9.13 9.54 642 653 645 6.00 7.34 684 642 594 1025 6.67 6.04 6.06
SegLLM [22] 9.52 9.48 9.62 9.37  9.57 9.16 9.44 9.14 19.95 1290 11.72 10.64 1299 13.17 13.22 1292 1293 1287 13.03 12.65 24.40 16.82 15.69 14.49 11.25 11.33 11.42 11.14 11.25 11.01 11.24 10.90 22.18 14.86 13.71 12.57
SAM4MLLM (23] | 10.37 11.38 11.54 11.88 11.63 11.05 11.14 11.53 15.89 13.23 13.34 13.05 733 820 849 879 844 791 812 851 1230 940 949  9.35 8.85 9.79 10.02 10.34 10.03 9.48 9.63 10.02 14.10 11.31 1142 11.20
LaSagnA [24] 7.7 7.88 7.97 7.02  9.25 7.69 7.86 6.89 14.78 10.49 9.73 7.48 10.8 1095 11.21 10.23 1226 10.71 11.01 10.03 20.75 14.26 13.38 11.22 9.29 9.42 9.59 8.63 10.75 9.20 9.43 8.46 17.76 1237 11.56 9.35
LISA-7B (ft) [4] 45.77 44.86 42.06 40.43 43.24 42.09 40.60 38.26 41.59 38.97 36.63 34.29 | 42.21 41.21 39.42 36.55 40.69 39.57 38.07 39.42 3574 33.23 31.01 43.99 43.04 40.74 38.49 41.97 40.83 39.34 36.86 40.51 37.36 34.93 32.65
LISA-13B (ft) [4] | 48.49 47.79 45.82 43.89 46.49 45.69 44.35 42.61 44.80 42.08 39.14 36.81 45.88 45.18 43.13 41.30 44.71 4325 41.80 42.53 39.42 36.65 34.58 4719 46.49 4448 4260 45.60 44.47 43.08 41.37 43.67 40.75 37.90 35.70
VISA (ft) [5] 51.20 49.45 47.70 45.15 4875 47.20 45.55 43.10 44.40 41.85 39.55 37.20 | 49.10 47.70 46.05 43.55 47.25 45.80 44.15 42.60 40.05 37.75 35.40 50.15 48.58 46.88 44.35 48.00 46.50 44.85 42.40 43.50 40.95 38.65 36.30
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RVTagent 72.65 70.30 67.95 7240 70.15 67.85 6540 68.75 66.20 63.90 61.55 | 72.60 70.45 68.10 65.75 70.20 67.95 65.65 63.20 66.55 64.00 61.70 59.35 | 73.70 71.55 69.20 66.85 71.30 69.05 66.75 64.30 67.65 65.10 62.80 60.45




Supplementary Table 2. Performance comparison

on reasoning grounding task with RVTBench.

cloU (%) (1)

gloU (%) (1)

AP@50 (%) (1)

Model ‘ Semantic Spatial Temporal ‘ Semantic Spatial Temporal ‘ Semantic Spatial Temporal

‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4 ‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4 ‘ L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4
LISA-7B [4] 858 871 9.09 889 868 852 873 885 10.02 10.29 9.64 897 9.28 937 9.06 911 962 946 939 9.07 11.67 10.51 10.30 9.02 6.03 620 641 570 642 6.06 6.04 563 835 7.67 712 578
LISA-13B [4] 9.22 924 966 897 955 919 932 886 11.04 11.40 10.21 9.01 9.81 10.01 10.10 9.37 10.13 10.01 9.94 9.34 11.79 11.36 10.36 9.45 6.67 696 693 599 723 7.05 689 591 960 861 7.02 6.16
LISA++ [11] 8.68 918 956 9.62 877 884 9.07 9.74 1369 11.09 9.76 10.40 9.15 914 953 870 921 918 944 872 1240 10.63 10.02 9.21 6.13 653 6.88 592 621 662 679 596 960 807 769 6.39
VISA [5] 13.30  14.41 1479 14.47 1237 1448 1598 14.41 4.67 1620 14.30 1548 | 14.97 16.05 15.57 16.25 1528 1548 16.05 1640 13.25 17.08 16.09 1597 | 7.50 9.10 847 891 947 821 884 9.05 7.28 7.65 912 858
SegLLM [22] 8.94 9.77 10.01 10.60 10.07 9.52 9.64 10.69 13.51 11.81 10.85 11.90 11.07 11.39 11.47 11.44 11.70 11.53 11.51 11.40 15.19 12.67 1247 11.84 9.60 9.81 9.98 9.68 10.30 9.88 10.05 9.60 14.78 11.45 11.14 10.14
SAM4MLLM (23] | 867 939 943 977 9.04 935 890 974 6.75 7.88 953 10.68 | 10.85 11.26 11.52 1171 10.92 11.29 11.33 11.57 12.52 1218 11.98 1247 | 827 890 9.19 926 838 878 899 9.09 11.16 10.17 9.74 10.18
LaSagnA [24] 10.18  9.92 10.01 9.25 10.06 992 9.75 9.22 10.52 10.47 10.39 9.71 10.55 10.26 10.14 9.38 10.65 10.36 10.21 9.43 1245 11.55 11.06 9.68 8.03 785 783 644 816 807 779 649 950 930 846 6.72
LISA-7B (ft) [4] 42.85 41.20 39.45 37.60 40.30 38.85 37.20 3545 36.65 35.10 33.25 31.70 | 40.95 39.30 37.55 35.70 38.40 36.95 35.30 33.55 34.75 33.20 31.35 29.80 38.45 36.80 35.05 33.20 3590 34.45 32.80 31.05 3225 30.70 28.85 27.30
LISA-13B (ft) [4] | 45.95 44.30 42.55 40.70 43.40 41.95 40.30 38.55 39.75 38.20 36.35 34.80 | 44.05 42.40 40.65 3880 41.50 40.05 3840 36.65 37.85 36.30 34.45 32.90 | 41.55 39.90 38.15 36.30 39.00 37.55 35.90 34.15 3535 33.80 31.95 30.40
VISA (ft) [5] 49.05 47.40 45.65 43.80 46.50 45.05 43.40 41.65 42.85 41.30 39.45 37.90 | 47.15 4550 43.75 41.90 44.60 43.15 41.50 39.75 40.95 39.40 37.55 36.00 | 44.65 43.00 41.25 39.40 42.10 40.65 39.00 37.25 38.45 36.90 35.05 33.50
RVTagent ‘ 69.85 67.40 65.25 62.90 67.30 65.05 62.80 60.55 63.75 61.50 59.35 57.10 | 67.95 65.50 63.35 61.00 65.40 63.15 60.90 58.65 61.85 59.60 57.45 55.20 | 65.45 63.00 60.85 58.50 62.90 60.65 58.40 56.15 59.35 57.10 54.95 52.70




Supplementary Table 3.

Performance comparison on reasoning VQA and

summary tasks

with RVTBench.

BLEU-4 (%) (1)

ROUGE-L (%) (1)

BertScore (%) (1)

CIDErx (%) (1)

Task | Model Semantic Spatial Temporal | Semantic Spatial Temporal | Semantic Spatial Temporal Semantic Spatial Temporal

LI L2 13 14 LI L2 L3 L4 L1 L2 L3 L4 | LI L2 L3 L4 LI L2 L3 14 LI L2 L3 14 LI L2 L3 L4 LI L2 L3 L4 LI L2 L3 L4 LI L2 L3 L4 LI L2 L3 L4 LI L2 L3 L4
VQA GPT-od-mini 225 115 080 042 163 113 090 045 000 121 058 039 |2099 2207 20.23 19.02 20.38 2041 1925 2682 2130 19.61 7425 TL5T 6898 69.04 T2.87 7140 60.16 69.28 7220 7134 6880 69.34 | 70.76 49.97 2550 9.74 4692 4333 2644 1036 56.07 3116 20.39 10.87
VQA Gemini-2.0-flash-lite | 113 076 0.37 020 154 063 045 020 000 033 030 0.3 |2127 17.24 1461 13.99 23.04 1488 1435 2221 1596 14.63 6528 6320 57.90 5417 6396 6267 57.97 5438 65.03 60.35 5720 5377 | 3405 2472 555 107 3384 2118 634 134 4697 1498 511 088
VQA Claude3-Haiku 094 066 035 033 083 060 036 035 0.00 027 033 021 18.48 1644 13.72 13.80 19.36 13.97 14.03 12,63 1442 1345 65.41  65.09 6244 6231 6542 64.86 62.71 6253 6234 6531 6231 62.04 9.62 8.84 0.83 0.13 0.80 5.44 1.03 017 0.00 1.29 0.46 0.03
VQA Qwen2.5-omni [25] 0.89 048 040 041 128 059 044 042 0.00 053 045 0.35 17.72 1344 1271 13.64 20.73 12.89 13.88 10.48 1299 12.42 61.74 59.57 57.60 5839 6243 59.48 57.86 5852 55.65 60.16 57.64 58.40 6.09 3.35 8.09 3.84 1.21 0.43 0.00 1.90 0.93 0.22
VQA Janus-Pro-7B [26] | 292 172 130 118 352 187 147 130 0.00 115 123 106 | 2840 2158 19.23 19.36 30.04 1970 19.92 20.60 1981 19.14 7232 69.99 67.12 6650 7120 69.93 6748 66.72 7055 69.04 66.71 66.20 | 74.46 54.38 6272 5362 23.60 1102 2247 3536 17.67 9.28
VQA LISA-7B [4] 266 126 0.70 054 232 152 0.82 058 000 058 077 043 | 2497 1915 1424 1428 24.26 1449 1456 1505 1592 14.59 7001 67.22 6169 6289 68.08 67.15 6186 6301 66.79 66.14 6258 62.83 | 7425 4661 1156 0.60 5109 4580 1298 0.68 1073 2893 10.28 0.67
VQA LISA-13B [4] 72 164 074 039 282 190 0.88 039 0.00 080 069 028 |25.12 1079 1501 1352 2359 1546 13.67 1863 17.71 14.91 7080 68.60 63.34 6221 68.09 68.36 6221 68.96 6820 6288 6207 |73.90 5343 1483 041 4955 5178 1597 047 2324 3367 908 045
VQA LISA++ [11] 250 1.24 0.75 046 3.03 1.19 091 049 0.00 059 0.60 0.33 25.88 19.20 15.63 14.47 28.39 16.20  14.67 16.36 16.43 14.70 70.55 67.67 63.35 62.00 70.05 67.69 62.05 67.68 66.35 62.59 61.93 72.89 4588 15.75 3.78 55.86 42.75 18.14 28.55 27.28 1191 4.12
VoA RVTagent 723 654 587 510 684 618 556 523 482 565 508 476 |42.86 39.75 3740 3564 41.25 36.85 3572 39.58 37.46 35.28 84.37 82.60 8042 79.35 83.18 S8L54 7895 8240 80.82 7945 7865 | 9248 85.63 77.41 7128 8835 8194 7578 83.26 7952 7340 68.75
Summary | GPT-od-mini 047 061 074 043 0.60 076 076 042 025 0.8% 071 040 |20.67 2066 2141 20122 2111 2090 21.32 2112 1843 2045 20.74 68.73 60.14 69.33 69.63 68.96 69.21 69.24 6958 67.18 6859 6836 6888 | 7.96 6.61 645 471 748 60l 613 441 186 538 294 324
Summary | Gemini-2.0-flash-lite | 0.62 0.69 0.79 042 059 071 0.79 042 032 070 0.76 0.40 18.72 18.61 19.90 17.53 1836 1851 19.85 1745 17.77 17.75 19.34 61.16 61.45 62.52 60.26 61.28 61.28 62.32 60.22 60.34 60.90 61.78 59.71 3.55 2.73 1.73 0.29 2.86 1.85 1.55 0.30 0.61 1.72 0.68 0.30
Summary | Claude3-Haiku 0.38 035 032 021 038 038 035 021 024 038 030 0.20 1475 13.79  13.99 1427 1470 14.00 14.05 14.25 13.78 13.39 13.51 6321 61.53 61.22 61.56 63.42 61.65 61.21 61.52 63.31 61.34 60.59 61.20 0.01 0.02 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Summary | Qwen2.5-omni [25] | 0.50 086 1.07 098 052 0.87 108 098 0.43 086 1.03 098 | 17.00 1741 1913 2017 1688 17.46 1914 20.10 1633 16.72 18.63 60.75 6134 6183 63.28 60.85 61.23 6183 63.26 60.78 60.83 6138 6345 | 191 161 211 053 138 164 189 054 081 057 176 049
Summary | Janus-Pro-7B [26] | 137 134 1.62 130 137 144 165 130 048 106 142 132 | 2254 20130 2313 2232 2300 2169 23.24 2221 2061 10.63 22.33 68.84 67.70 6848 G67.51 6049 G67.78 GS.57 6745 67.93 66.67 6747 67.09 | 2320 1692 1599 642 2646 17.05 1611 636 1123 1205 1285 569
Summary | LISA-7B [4] 033 035 045 029 052 040 047 028 041 049 053 033 1194 1101 1119 858 1456 1176 1165 859 14.82 1328 1271 5806 57.01 56.87 5371 6125 57.75 5723 5372 6223 5043 5812 5440 | 412 217 087 001 718 234 078 001 422 250 110 001
Summary | LISA-13B [4] 0.30 034 036 020 031 036 036 020 035 039 039 0.20 1151 1246 12,19 849 1297 13.04 1241 848 1265 13.52 12.74 57.87 5851 57.53 53.75 59.62 59.02 57.71 53.73 60.70 59.60 58.83 53.59 0.72 0.65 0.25 0.01 0.91 0.69 0.26 0.01 0.59 0.17 0.33 0.01
Summary | LISA++ [11] 092 080 080 036 0.95 081 084 036 058 057 071 038 |1949 1899 1984 1398 2026 1916 19.86 1397 17.11 1680 18.78 66.62 66.00 6635 60.47 67.33 65.94 66.31 6046 6484 64.33 6497 60.11 | 14.83 917 888 023 1633 920 901 026 650 646 591 0.4
Summary | RVTagent 568 523 495 456 542 508 4.83 450 495 512 478 442 | 3876 3694 35.87 3425 37.85 36.08 3540 3410 3673 3542 34.86 8245 8087 79.35 7810 8178 80.24 7886 77.95 80.63 79.14 7823 7748 | 85.76 7945 7283 67.40 8254 7632 7L45 6684 7738 7352 7018 65.72




