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Motivation & Challenges

N

Research Gap

Existing multi-temporal analysis is limited to bi-temporal or short sequences, lacking comprehensive long-term urban
dynamics understanding.

X Current Limitations v Our Solution
* Bi-temporal focus only » Long-term sequences (5-10 frames)
* Limited pixel-level analysis * Pixel-precise detection
* Insufficient training data  Specialized instruction tuning
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" J from 2005 to 2023. Z S
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Human: 2005-2019, there is no significant S g 5 e
& o farmland on the left exhibited typical crop rotation patterns.
change. The farmland on the left is just e
3 T Between 2019-2020, development began on the top left farmland,
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(O7: What has happened in the red box

during 2005 to 2023. (1: What has happened in the red box during 2005 to 2023.
Human: 2005-2014, the left parking lot was RI: From 2005-2013, the left parking lot was occupied by
occupied by homeless people with tents of individuals experiencing homelessness, with tents of various colors

various colors. 2014-2018, the homeless [=——== visible throughout the area. Between 2011-2018, this homeless

€9

g & | people move from the parking lot on the left | - 2 encampment relocated from the parking lot on the left to the plaza

] 2 [to the plaza on the right. 2018-2023, % g on the right. By 2018-2023, due to the eviction measures, homeless

= § |Homeless settlements have disappeared in| & < settlements had disappeared from both the parking lot and plaza
© locations.

a both parking lot and plaza.
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[BCA] Basic Change Analysis
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[CSE] Change Speed Estimation

[EA] Environmental Assessment

! [RCD] Referring Change Detection i

07: Which represented the most notable change from 2006 to 20097

R1: From vegetation to non-vegetation area.

02: What land-cover types have changed between 2011 and 2021?
R2: Vegetation, non-vegetation, building and water areas have changed.

03: How has building area changed between 2016 and 2018? R3: Expanded.

04: How did land cover types change from 2006 to 2021? R4: Over the 15-vear
period, 22-27% of vegetated areas transitioned to non-vegetated areas, while
approximately 4% underwent the reverse transition. Notably, about 8% of
vegetated areas and 4% of non-vegetated areas were converted to built-up land.
Additionally, about 0.3% of vegetated areas were developed into water bodies.

©7: Which time period exhibited the most significant
changes? R7: 2009-2011.

©02: During which time periods did building area
expansion cease? R2:2011-2016,

03: What is the magnitude of change for the entire
region from 2006 to 20212 R3: 124%-151%.

04: What was the rate of building area expansion over
time? R/: The expansion rates were as follows: 0.4%
from 2006-2009, 0.05% from 2009-2011, 0.63% from
2016-2018, and 2.53% from 2018-2021.

01 Please calculate the estimated ozone density in this
zone during 2006. 2/: The 2006 ozone levels in this
territory were estimated at 38.9 pg/m’

©2: How strong was the nighttime illumination in this
location in the year 2021? R2: The nighttime light in
this district during 2021 was 18.74 nW/cm?/st.

©3: What was the mean temperature in this region
during July 2021?

(3: The mean temperature for this region in July 2021
was 36.77°C.

O1: Identify and segment the areas that changed from vegetation
to building during the 2016-2018 period.

?1: Sure, the required changes are in i

02: Identify the newly formed water bodies between 2018-2021.
R2: The identified new pond is presented in Il

03: Delineate the regions that experienced conversion from non-
vegetated to vegetated areas during 2011-2014

R3: The delineated regions are shownin M

©4: Show the new vegetation are in the period of 2006-2009.

R4: Ok, the required area is shownin |l

f [RCC] Regional Changes Caption

[DTC] Dense Temporal Captioning

©O1: What land cover changes occurred within the red-boxed region from 2006 to 2021?

R1: From 2006 to 2016, the region exhibited cyclical land cover changes due to agricultural practices, with
land surfaces alternating between vegetated and non-vegetated states during crop rotation and harvesting
cycles. Beginning in 2016, these agricultural lands underwent significant development, resulting in surface | converted to non-veg
hardening followed by progressive construction of built-up area. By 2021, the essential infrastructure, including

buildings and primary roads, was almost completed.

O1: Densely describe the dynamics in this scene from 2006 to 2021.
R1: Over the 15-vear period, natural and agricultural lands underwent progressive transformation into residential areas. Development initiated in the top-
right region and halted in 201 1. The development process resumed in 2016, focusing on the left region of the study area. Most agricultural land was

ation surfaces, accc

ied by extensive construction of buildings and roads. From 2018 to 2021, the bottom-center region also
underwent development, including construction of an office building. By 2021, development of the area was nearly complete. Additionally, a new water
body emerged in the bottom-right region of the study area.




Semi-automatic annotation pipeline

' 1) Human

Partial urban

W nv-BD
G—NV

[]s0-nv

Our World
in Data

@ womosmancur

! ;wn @
Google EarthEngine

Database

1) Data pre-|

Populati
et v

process

8 ¢

ion (person)

2006

2008

2010

2012
Ye:

2014 2016
ar

2018

2020

2) GPT
generation

E[EA] Environmental A

(O7: What was the population in this
region dming the year 2012? Options:
A, 233 . B. 35.0 people, C. 11.6 |,
= people, D JOJ people, E. 16.3 people. ||
©2: How many residents were in this ||
location back in 20202 Oprions: A. 63.1
people, B. 42.1 people, C. 29.4 people,
D. 54.7 people. E. 21.0 people.
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[CSE] Change Speed Estimation
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Buildin J\w—

5? Options: A
(2: What were the two predominant changes observed during the
2013-2015 period? Oprions: A: NV—BD, B: VG—NV, C:
WT—-NV, D: BD—NV, E: BD—VG.

©3: Which land cover decreased the most between 2013 and
2015? Options: A: Walel B: Playground, C: Building, D:

Vegetation, I: Non-ve

. B: Playground, ¢

etation

(7: What 1s the magnitude of change for the entire region fmm
20 2015? Oprions: A: 3.08%, B: 3.46%.
4.23%, E: 4.62%.

©2: Which period exhibited the minimal changes?
Oprions: A: 2006-2009, B: 2009-2011, C: 2011-2013, D 2013-

115, E: 2015-2017

©3: During which periods did urban reconstruction take place?
Options: A: 2006-2009, B: 2009-2011, C: 2011-2013, D: 2013-
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§[RCD] Referring Change Detectioni
01: Segment the totally destroyed and

unaffected  buildings after the

earthquake? 27: Sure. They are in red

mask and >

O17: Where is the best place to take
refuge? #7: There are two playgrounds
n with vast open areas
near the clear primary roads for rescue.
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;:;o/l“r);:;elﬁ (:i‘e’s:c:.lbe all events in this scene 01: Densely de§cribe all eve_ms_in this scene from 2005 1o 2023,

Human: 2005-2019, there is no significant R1: From 2005-2019, no sguﬁcant ghanges were opserved. The

chianas The farnland of thé leI{ Po— @ farmland on the left exhibited typical crop rotation patterns.

e crop rotation. 2019-2020, the top lef Betwe_en ;JM:,’WH, developmem began on the top left _farmlaud.
e Farindand i et dévelo od am:l diaieraiing H resulting in ground compaction. By 2020-2023, construction of the
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O7: What has happened in the red box

during 2005 to 2023. (1: What has happened in the red box during 2005 to 2023.

Human: 2005-2014, the left parking lot was RI: From 2005-2013, the left parking lot was occupied by

occupied by homeless people with tents of individuals experiencing homelessness, with tents of various colors

various colors. 2014-2018, the homeless = visible throughout the area. Between 2014-2018, this homeless

people move from the parking lot on the left | - .2 encampment relocated from the parking lot on the left to the plaza

to the plaza on the right. 2018-2023, % g on the right. By 2018-2023, due to the eviction measures, homeless

Homeless have disapp d in| & s settlements had disappeared from both the parking lot and plaza

both parking lot and plaza. © Jocations.
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key Experimental Findings

Method | AVG BCA-QA CSE-QA EA | BCA-Report | CSE-Report

‘ Single Multi Single Multi | AVG LCT TPA CQA | AVG CRP TPA CPA
Commercial models | | |
o4-mini [34] 34.1 62.8 36.1 33.8 124 253 | 3.16 285 470 193 | 234 097 371 233
GPT4.1 [33] 325 66.1 39.7 31.3 5.4 202 | 3.02 269 467 1.72 | 223 078 384 205
GPT4o [31] 29.7 63.3 19.3 323 7.3 262 | 296 255 466 1.66 221 073 346 243
Gemini 2.5 Flash [9] 24.4 46.3 15.8 21.0 121 268 | 290 240 469 162 | 219 070 378 209
Open-source models
TEOChat [13] 172 351 8.7 17.0 108 146 | 0.64 1.61 022 009 | 1.22 085 146 1.33
EarthDial [37] 30.3 62.2 20.3 30.9 122 259 | 1.10 257 0.01 0.72 1.03 085 074 1.50
Video-LLaVA [24] 17.7 348 10.4 17.7 54 2021201 158 314 133 | 1.63 086 248 1.54

LLaVA-OneVision 7B [20] 193 417 2.8 21.5 48 259 230 229 320 142 | 172 095 244 178
LLaVA-OneVision 72B [20] | 25.0  59.9 6.5 259 62 265|301 270 452 183 | 205 093 339 183

InternVL3 8B [55] 239 552 115 220 7.6 231 | 299 249 468 178 | 215 095 331 220
InternVL3 14B [55] 272 632 153 288 40 249 | 302 261 472 174 | 236 097 365 248
InternVL3 78B [55] 271 605 145 283 86 236 | 304 274 459 180 | 225 082 387 2.06
Qwen2.5-VL 3B [2] 247 569 60 261 92 251|299 272 458 165 | 172 057 342 118
Qwen2.5-VL 7B [2] 233 546 48 285 136 150 | 294 249 470 162 | 173 025 390 1.05
Qwen2.5-VL 32B [2] 314 620 333 369 32 216 | 304 265 465 181 [260 121 389 271
Qwen2.5-VL 72B [2] 207 654 243 346 40 202|299 261 464 171 | 227 072 376 2.33
Ours
DVLChat 7B 333 649 213 313 | 186 306 | 347 341 472 228 | 251 148 341 265
Challenge Limitation
Best model achieves only 34.1% accuracy Scaling insufficient - domain data crucial
DVLChat Gap
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Contributions & Impact

]

(1] Dataset (2) Evaluation

First large-scale long-term multi-temporal benchmark with Assessment of 18 MLLMs revealing critical limitations in
14,871 images spanning 18 years temporal understanding

BRI (4) Impact

DVLChat demonstrating unified Advancing sustainable city development through Al-powered
level segmentation monitoring

¢’ Resources

github.com/weihao1115/dynamicvl huggingface.co/datasets/weihao1115/dvl_suite
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