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ZoomEarth: Active Perception for Ultra-High-Resolution Geospatial
Vision-Language Tasks

Supplementary Material

6. LRS-GRO Dataset839

6.1. Data Generation Details840

The dataset construction process involves three distinct set-841
tings: object-level, region-level, and global-level VQA842
with their corresponding CoT annotations. For each set-843
ting, both the input to the annotation model (GPT-4o) and844
the expected output format are defined explicitly.845

6.2. Region-level and Object-level VQA.846

For non-global cases, human annotators first manually se-847
lect ROIs in the image by drawing bounding boxes. Each848
ROI is further categorized as either:849
• Region: a spatially extended area containing multiple ob-850

jects or structures, where the cropped image is taken di-851
rectly from the bounding box.852

• Object: a single target object of interest, where the853
bounding box is expanded before cropping to provide ad-854
ditional surrounding context.855
For each selected ROI, the following information is856

passed to GPT-4o:857
1. A downsampled version of the full image (for global858

context).859
2. A high-resolution cropped image derived from the860

bounding box (region: direct crop; object: expanded861
crop).862

3. The human-provided label describing the object’s or re-863
gion’s position and type.864

4. The bounding box coordinates.865
Then GPT-4o will generate Question-Answer pairs866

based on prompts shown in Appendix 6.2.867

Dataset Annotation Prompt of Object Questions

You are an expert dataset annotator for an
Object-level Visual Question Answering (VQA)
dataset.
You will be provided with:
1. A downsampled full image showing the global

context.
2. A high-resolution cropped image centered on the

target object (ROI).
3. A bounding box for the object:

{item.get(’bbox’)}.
4. A short human-provided label describ-

ing the object’s global position and type:
{item.get(’label’)}.

868

Your tasks:
1. Refine the label into a clear and specific En-

glish name for the object, preserving its spatial
description. Examples:
• “top-most sports field” → “top-most tennis

court”
• “central building” → “central white office

building”
2. Generate several high-quality, image-

dependent question–answer pairs about this
object:
• Use the refined label explicitly (no pronouns

like “this object” or “it”).
• Be visually grounded — cannot be answered

by common sense alone.
• Require looking at the provided images to an-

swer.
• Avoid trivial or universal facts (e.g., airplane

has wings, grass is green).

Object-level Question Categories:
1. Object category refinement — Make the label

more specific based on visual cues. Examples:
• “Is the top-most sports field a tennis court or a

basketball court?”
• “Is the left-side bridge designed for vehicles or

pedestrians?”
2. Object color / pattern — Non-obvious or de-

tailed color info. Examples:
• “What color is the roof of the central build-

ing?”
• “Is the top-right ship mainly white or blue?”
• “Does the top-most tennis court have a green

or red surface?”
3. Object shape / structure — Shape or structural

details. Examples:
• “What is the shape of the top-most building’s

roof?”
• “Is the left-side bridge straight or curved?”
• “Is the bottom-right ship narrow or wide?”

4. Object function / usage — Purpose or role in-
ferred from context. Examples:
• “What is the function of the central rectangular

building?”
• “Is the left-side bridge used for vehicles or

trains?”
869
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5. Object state / motion / activity — Current con-
dition or movement. Examples:
• “Is the right-most vehicle moving or parked?”
• “Is the top-left airplane taking off or landing?”
• “Is the central crane operating or idle?”

6. Object material / surface — Visible material
cues. Examples:
• “Is the left-side bridge made of metal or con-

crete?”
• “Does the roof of the central building appear

metallic or tiled?”
7. Object relative position / context — Spatial re-

lations to nearby elements. Examples:
• “What is located beneath the top-most

bridge?”
• “Is there water below the bottom bridge?”
• “What is on the right side of the central build-

ing?”

Guidelines:
• Use the refined label directly in all questions (no

pronouns).
• Ensure each question is visually discriminative —

answerable only by observing the images.
• Keep answers concise: “yes”, “no”, “concrete”,

“curved”, “green”, “train”, “parked”, “water”.
• Each question must include:

– "category" — one of the seven categories
above.

– "higher_level" — one of:
* "perception" — visual recognition

(color, shape, count)
* "localization" — spatial position or

relative location
* "attribute" — appearance or material

properties
* "function" — role or purpose
* "reasoning" — inferred or dynamic

states

Output format:

{
"label": "top-most tennis court",
"qa_pairs": [

{
"question": "Is the top-most

sports field a tennis court
or a basketball court?",

"answer": "tennis court",
"category": "Object category

refinement",
"higher_level": "attribute"

},

870

{
"question": "Does the top-most

tennis court have a green or
red surface?",

"answer": "green",
"category": "Object color /

pattern",
"higher_level": "perception"

},
{

"question": "Is the top-most
tennis court surrounded by
fences?",

"answer": "yes",
"category": "Object shape /

structure",
"higher_level": "reasoning"

},
{

"question": "What is located
next to the top-most tennis
court?",

"answer": "parking lot",
"category": "Object relative

position / context",
"higher_level": "localization"

}
]

}

871

Dataset Annotation Prompt of Region Questions

You are an expert dataset annotator for a Visual
Question Answering (VQA) dataset.
You will be given:
1. A downsampled full image.
2. A high-resolution cropped image of the region of

interest (ROI).
3. A bounding box representing the ROI:

{item.get(’bbox’)}.
4. A short human-provided description of the ROI:

{item.get(’label’)}.
Your task:
• Refine the label to make it a precise and natu-

ral English name for this region (e.g., “central
bridge area”, “left-most parking lot”, “top-most
construction site”).

• Generate several diverse question–answer pairs
about the ROI, following the categories below.

Question categories (choose those applicable to
the region):
1. Counting — Ask about the number of visible

872
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objects. Examples:
• “How many vehicles are on the bridge?”
• “How many ships are docked near the pier?”

2. Object existence — Ask if certain objects are
present in the ROI. Examples:
• “Is there a ship passing under the bridge?”
• “Are there any cars in the parking lot?”
• “Is any airplane on the runway?”

3. Region status — Ask about activity, usage, or
condition of the region. Examples:
• “Is the bridge busy or empty?”
• “Is the construction site still active?”
• “Are there ships currently docking at the

port?”
• “Is the road under construction or in use?”

4. Object category — Ask about the types of
main objects found in the ROI. Examples:
• “What types of vehicles are in the parking

lot?”
• “What kind of boats are docked at the pier?”

5. Region function — Ask about the purpose or
role of the region. Examples:
• “What is this area mainly used for?”
• “What is the function of this rectangular re-

gion?”
6. Other visual features — Ask about appear-

ance, color, or shape of the region or its objects.
Examples:
• “Are most buildings in this area red-roofed?”
• “What is the overall shape of this region?”
• “Is the area circular or rectangular?”

Output requirements:
• Only ask reasonable questions that can be an-

swered directly from the provided images.
• Provide concise answers (one word or short

phrase). Examples: “yes”, “no”, “asphalt”,
“empty”, “circular”, “urban”, “in use”.

• Each question must include:
– "category": one of the six above.
– "higher_level": one of these abstract rea-

soning levels:
* "perception" — direct visual recogni-

tion
* "localization" — position or spatial

relation
* "attribute" — appearance or measur-

able quality
* "function" — purpose or role
* "reasoning" — requires inference or

contextual understanding

Output format:
873

{
"label": "top-most bridge area",
"qa_pairs": [
{

"question": "How many vehicles
are on the bridge?",

"answer": "3",
"category": "Counting",
"higher_level": "perception"

},
{

"question": "Is the bridge
currently in use?",

"answer": "yes",
"category": "Region status",
"higher_level": "reasoning"

},
{

"question": "Are there ships
passing under the bridge?",

"answer": "no",
"category": "Object existence",
"higher_level": "perception"

},
{

"question": "What type of
vehicles are visible on the
bridge?",

"answer": "cars",
"category": "Object category",
"higher_level": "attribute"

},
{

"question": "What is the main
function of this bridge area
?",

"answer": "transportation",
"category": "Region function",
"higher_level": "function"

}
]

}

874

6.3. Global-level VQA 875

For global-level questions, the full high-resolution satellite 876
image is directly provided to GPT-4o, together with a task- 877
specific prompt (see Appendix 6.3). The model is instructed 878
to generate scene-level, visually grounded question–answer 879
pairs that require holistic understanding of the image, such 880
as scene type, counting of large-scale objects, or seasonal 881
inference. 882
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Dataset Annotation Prompt of Global Questions

You are an expert dataset annotator for a Vi-
sual Question Answering (VQA) task focusing on
global-level understanding of high-resolution re-
mote sensing images.
You will be provided with:
1. A full high-resolution image covering the entire

scene.

Your task: Generate several high-quality, globally
grounded question–answer pairs in English about
the image.

Requirements for each question:
• Scene-level, not object-level.
• Visually grounded — answerable purely by

looking at the image.
• Specific and unique — avoid vague or overly

general questions.
• Generate only if the image clearly supports it;

otherwise, output an empty list.

Possible question types (use only when appropri-
ate):
• Counting — e.g., “How many airplanes are visi-

ble in the image?”
• Urban–Rural — e.g., “Does this image mainly

depict an urban or rural area?”
• Scene Type — e.g., “What is the main type of

area shown — airport, residential, or farmland?”
• Season — e.g., “What season does the scene ap-

pear to be?”

Higher-level reasoning categories:
• perception
• localization
• attribute
• function
• reasoning

Output format (strict JSON):

{
"qa_pairs": [

{
"question": "How many airplanes

are visible in the image?",
"answer": "3",
"category": "Counting",
"higher_level": "perception",
"justification": "Airplanes are

distinct and countable
across the visible runways."

},
{

883

"question": "What is the main
type of area shown in this
image airport, residential,
or farmland?",

"answer": "airport",
"category": "Scene Type",
"higher_level": "reasoning",
"justification": "The image

shows large runways and
parked airplanes typical of
an airport."

}
]

}

884

6.4. SFT Dataset Annotation 885

In order to train the model to master both the step- 886
by-step reasoning process and the standardized tool in- 887
vocation format for answering questions, we employed 888
GPT-4o to generate annotations using a two-stage reason- 889
ing–cropping–reasoning CoT paradigm, as defined in the 890
prompt provided in Appendix 6.4. 891

Reasoning-based remote sensing VQA Annota-
tion Prompt

You are an intelligent remote sensing analyst.
Your task is to generate reasoning-based annota-
tions for Visual Question Answering (VQA) using
satellite imagery.

I will provide:
• A global satellite image (downsampled for effi-

ciency)
• The bounding box [xmin, ymin, xmax, ymax] of the

reference object mentioned in the question
• A natural language question referring to the im-

age
• The ground truth answer

Important:
• The reference bounding box corresponds to the

referent object in the question (e.g., if the ques-
tion asks “What is the structure parallel and clos-
est to the bridge?”, the reference bbox is for the
bridge).

• The final target answer is derived by reasoning
relative to this referent object.

• The global image should only be used for context
and to explain how one would locate the referent
region.

• The final answer must be derived by analyzing
the cropped region corresponding to the refer-

892
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ent and its surroundings.

When writing <stage_1_reasoning>, follow
these rules:
• At the very start, always begin with: “This ques-

tion is asking about <short intent>, therefore I
need to crop the image to examine the surround-
ings of the mentioned target.”

• Localization Strategy: Describe the approxi-
mate location of the referent object in natural lan-
guage (e.g., “the bottom-most long bridge across
the river”). Do not output exact coordinates.

• Reasoning Result: First output exactly: “I need
to pay attention to the reference object at” Then
output the bounding box in JSON format on the
next line:

[
{"bbox_2d": [x_min, y_min, x_max

, y_max], "label": "<short
description of the referent
object>"}

]

No additional explanation in this section.

Output must strictly follow this structure:

<global> - Provide a brief but
informative description of the
global satellite image (e.g., main
structures, spatial layout). </

global>

<stage_1_reasoning>
Question Intent: Identify the type of

question being asked (e.g., object
category, count, color, spatial

relation, etc.), and determine
what visual information is needed
to answer it.

Localization Strategy: Parse the
question to identify the referent
object (e.g., bridge, river,
building cluster). Translate the
description into a visual query
and locate it in the global image
using semantic cues (shape, size,
color, spatial arrangement).
Summarize the approximate location
of the referent in natural

language.

Reasoning Result:
I need to pay attention to the

reference object at

893

[JSON bounding box]
</stage_1_reasoning>

<stage_2_reasoning>
Given the cropped region of the

referent object, explain how to
reason about the final target
answer. Specify what visual
features or spatial relations
should be observed. Clearly
connect the reasoning steps from
the referent to the final answer.

</stage_2_reasoning>

Constraints:
• Do not reveal the final answer in
<stage_1_reasoning>.

• The <global> description must be neutral and
avoid giving away the answer.

• The <stage_2_reasoning> must directly
connect the referent to the final target.

Input:

Question: {result["question"]}
Ground Truth Answer: {result["

ground_truth"]}
Reference Bounding box: {[int(x /

scale) for x in hbox]}

894

6.5. Data Refinement 895

Using GPT-4o, we initially generated over 40,000 ques- 896
tion–answer pairs. However, several issues were observed 897
during quality inspection. For binary (True/False) ques- 898
tions, the model exhibited a tendency to generate questions 899
whose correct answer was “Yes,” while rarely producing 900
negative cases. For multiple-choice questions, certain an- 901
swer options were disproportionately favored, for exam- 902
ple, “cement” in material-related questions or “summer” in 903
season-related questions. To address these biases, we man- 904
ually removed redundant or overly similar questions and 905
supplemented the dataset with additional questions to bal- 906
ance the distribution of answer options. Furthermore, some 907
model-generated outputs contained factual or logical errors, 908
which were corrected through manual revision. The refine- 909
ment process was carried out by six annotators, each con- 910
tributing over ten hours of work. Compared to fully man- 911
ual annotation of tens of thousands of questions, our pro- 912
posed semi-automatic data annotation pipeline significantly 913
reduced the annotation workload while maintaining both la- 914
bel accuracy and distributional balance. 915
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Configuration VQA

SFT GRPO

Training component Full Full
Learning rate 3e-5 1e-7
Warmup step 500 50
Weight decay 0.01 0.01

Batch size 4 32
α - 200
β - 0.05
γ - 0.04

Optimizer AdamW
Dataset LRS-GRO/sft LRS-GRO/rl

Training epoch 1 1

Table 8. Experimental configurations and hyperparameters for
SFT and GRPO training. In the GRPO objective, α controls the
Region-Guided reward, β scales the pattern reward in the overall
reward formulation, and γ regulates the KL-divergence penalty.

6.6. Dataset Visualization916

As shown in Figs 8, 9, 10 and 11, we visualize a subset917
of QA pairs from the LRS-GRO dataset, covering multi-918
ple representative geographic landscapes such as airports,919
factories, ports, bridges, and rural areas. The LRS-GRO920
dataset provides abundant question–answer pairs and pre-921
cise bounding box annotations for the global, regional, and922
object levels.923

6.7. Comparison with LRS-VQA Dataset924

As illustrated in Figs 12, 13, 14 and 15, the LRS-VQA925
dataset innovatively introduced a GPT-based automated an-926
notation pipeline, offering a novel approach to data label-927
ing. However, due to noticeable hallucinations when GPT928
processes high-resolution imagery, as illustrated in the fig-929
ure, incorrect labels may provide the model with mislead-930
ing rewards during training, thereby hindering convergence.931
Following the annotation paradigm of LRS-VQA, we fur-932
ther refined and proposed the LRS-GRO dataset. Through933
meticulous manual annotation and verification, we provide934
a high-resolution RS image dataset with precise labels.935

7. Training Details936

Table 8 summarizes the experimental configurations and937
hyperparameters used for the ZoomEarth under the SFT and938
GRPO training settings.939

For a detailed implementation of GRPO, the objective940
function is defined as follows:941

JGRPO(θ) = E
[
q ∼ Psft(Q), {oi}Gi=1 ∼ πθold(O|q)

]
942

1

G

G∑
i=1

1

|oi|

|oi|∑
t=1

[
Â∗

i,t − γDKL[πθ ∥πθref ]

]
(3)943

where Psft(Q) denotes the distribution of queries sampled944

from the supervised fine-tuning dataset, and πθ(O|q) repre- 945
sents the current policy parameterized by θ, which gener- 946
ates output sequences conditioned on the query q. Â∗

i,j de- 947
notes the clipped advantage reweighted by importance sam- 948
pling, and DKL[πθ ∥πθref ] represents an unbiased estimator 949
of the KL divergence. G denotes the number of samples 950
per group, and |oi| indicates the length of each trajectory. 951
Specifically, γ is set to 0.04, and G is set to 4. 952

DKL[πθ||πθref ] =
πθref(oi,t|q, oi,<t)

πθ(oi,t|q, oi,<t)
953

− log
πθref(oi,t|q, oi,<t)

πθ(oi,t|q, oi,<t)
− 1 (4) 954

Â∗
i,j = min

[
πθ(oi,t|q, oi,<t)

πθold(oi,t|q, oi,<t)
Âi,j , 955

clip
(

πθ(oi,t|q, oi,<t)

πθold(oi,t|q, oi,<t)
, 1− ϵ, 1 + ϵ

)
Âi,j

]
(5)

956

957

Âi,j =
ri −mean(r)

std(r)
(6) 958

The detailed reward components are defined as follows: 959

rIoU =

{
IOU, if match
0, otherwise

(7) 960

rR−G = sigmoid(
α

distance+ ϵ
) (8) 961

ranswer =

{
1, if simularity > 0.8

simularity, otherwise
(9) 962

rpattern =

{
1, if match the patten
0, otherwise

(10) 963

964
r = rIoU + rR−G + ranswer + βrpattern (11) 965

Specifically, we set ϵ to 0.2. The parameter β is used to 966
constrain the model outputs to adhere to the predefined for- 967
mat, thereby preventing training collapse. Our experiments 968
show that when β < 0.05, e.g., β = 0.01, it fails to take 969
effect and may lead to potential training collapse. Under 970
the premise of stable output formatting, more than 99% of 971
the rpattern rewards are equal to 1, and thus increasing β has 972
no impact on the overall reward after normalization. There- 973
fore, we set β = 0.05 in our final configuration. 974

Finally, the model updates its parameters by performing 975
gradient ascent on the GRPO objective: 976

θ ← θ + η∇θJGRPO(θ) (12) 977
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where η denotes the learning rate, which is set to 1× 10−7978
in our experiments.979

To equip the model with the ability to perform chain-980
of-thought reasoning in this specific scenario, we applied981
instruction tuning during both the SFT and RL stages, and982
used the same instruction prompts during inference to elicit983
the reasoning capability acquired during training. Specifi-984
cally, our instruction is as follows:985

Instruction Used in Training and Evaluation

You are an intelligent remote sensing analyst.
Given a natural language question about a satellite
image, generate a structured reasoning answer as
follows:
1. <think> ... </think>

• Provide a neutral one-sentence description of
the whole image scene.

• Cropping task:
“This question is asking about <short intent>,
therefore I need to crop the image to examine
the surroundings of the mentioned target.”

• Non-cropping task:
“This question is asking about <short intent>,
therefore I need to analyze the entire image
without cropping.”

• Include:
– Question Intent: describe the type of ques-

tion (object category, spatial relation, count,
etc.) and the visual information needed.

– Localization Strategy:
* Cropping: approximate referent object

location in natural language (no coordi-
nates).

* Non-cropping: strategy to detect all rele-
vant objects across the entire image.

– Reasoning Result:
* Cropping: output exactly one JSON-

formatted bbox for the referent, for ex-
ample:

[{"bbox_2d": [x_min, y_min,
x_max, y_max],

"label": "<short description
>"}]

* Non-cropping: summarize how detected
objects will be used to produce the count
or answer.

2. <think> ... </think> (only when the
cropped image is provided)
• Explain step-by-step how to reason from the

referent (or detected objects) to the final an-
swer.

986

3. <answer> ... </answer>
• Provide your final answer as a single word or

short phrase.

Rules:
• Always return exactly one <answer> block.
• For tasks that need cropping:

– Provide the bounding box of the object of in-
terest in the first <think> block.

– After the cropped image is given, generate an-
other <think> block to derive the answer.

– Also include a bounding box in the
<stage_2_reasoning> block when
required.

• If unsure about localization, make a best reason-
able guess — never state uncertainty.

987

8. Inference Details 988

8.1. Visualization of the Reasoning Process 989

As illustrated in the Figs 16, 17, 18 and 19, the reasoning 990
process of ZoomEarth is structured into several sequential 991
stages to ensure both global comprehension and precise lo- 992
calization. 993

1. Global Description: The process begins with a compre- 994
hensive global analysis of the input image. This stage 995
aims to establish an overall semantic understanding of 996
the scene, enabling the model to capture contextual re- 997
lationships and spatial configurations before focusing on 998
specific regions. 999

2. Question Intent Identification: Following global per- 1000
ception, the model analyzes the user’s query to deter- 1001
mine its underlying intent. This step isolates the core 1002
informational demand, ensuring that subsequent reason- 1003
ing is aligned with the question’s focus. 1004

3. ROI Localization Strategy: Based on the global un- 1005
derstanding and the identified question intent, the model 1006
performs targeted localization reasoning. This involves 1007
determining the spatial regions most relevant to the 1008
query and representing them via bounding boxes. 1009

4. Tool Calling: Once ROIs are identified, the model in- 1010
vokes appropriate tools to process the localized areas. 1011
This stage is referred to as secondary perception, as the 1012
model re-examines the image after cropping and zoom- 1013
ing the identified regions. The objective is to increase 1014
resolution and focus on fine-grained visual details that 1015
may be lost in the global view. 1016

5. Stage 2 Reasoning: The refined, high-resolution inputs 1017
derived from the localized regions are then used for a 1018
second stage of reasoning. This stage integrates global 1019
context with localized detail to produce the final answer, 1020
ensuring accuracy and relevance to the original query. 1021
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This multi-stage process is designed to balance broad1022
contextual awareness with precise visual focus. By first es-1023
tablishing a global understanding and then iteratively nar-1024
rowing attention to relevant regions, the ZoomEarth model1025
mitigates the risk of missing context while maximizing the1026
accuracy of localized inference.1027

8.2. Comparison with Other Models1028

Many methods have been proposed to address high-1029
resolution image processing, as shown in Fig. 7. Techniques1030
such as dynamic resolution and visual token pruning have1031
become mainstream. Dynamic resolution methods first pad1032
the image to an integer multiple of small patches and then1033
split it into a sequence of small patches. This allows the1034
model to handle high-resolution images but does not reduce1035
the number of visual tokens, so a large number of tokens1036
still need to be processed. Visual token pruning removes1037
tokens with low information content or redundant informa-1038
tion according to manually defined rules, reducing the num-1039
ber of visual tokens and enabling the model to handle high-1040
resolution images. However, this approach relies on hand-1041
crafted rules and has limited generalizability.1042

Our proposed method first feeds a downsampled low-1043
resolution image into the model. The model then identifies1044
ROIs and calls the cropping-zooming tool to obtain detailed1045
information for these areas. This reduces the total number1046
of visual tokens while preserving fine-grained details in the1047
ROIs.1048

As illustrated in the Figs 20, 21 and 22, for questions1049
at the region-level or object-level, general VLMs often pro-1050
duce incorrect answers due to limited visual resolution or1051
hallucinations. Although VLMR3 is capable of performing1052
secondary perception, its training methodology is not well-1053
suited for high-resolution RS imagery, rendering it ineffec-1054
tive in this context. In contrast, our proposed ZoomEarth1055
model can accurately localize the region of interest and per-1056
form reasoning based on the secondary perception of that1057
region, thereby producing correct answers.1058

8.3. Impact of RL on the Reasoning1059

We observe that the model trained with SFT tends to ex-1060
hibit degraded performance after invoking the cropping1061
tool, whereas the model further optimized with RL demon-1062
strates a significant performance improvement when us-1063
ing the same tool. The SFT-trained model fails to effec-1064
tively leverage the cropping–zooming tool for active per-1065
ception, primarily due to two reasons: (1) insufficient lo-1066
calization ability, which leads to cropping incorrect regions1067
and consequently causes misinterpretation (see Fig. 23);1068
and (2) inability to perform correct reasoning based on the1069
cropped images, resulting in attention to irrelevant content1070
(see Fig. 24 and Fig. 25).1071

LLM

Passive Perception

Active Perception

vision encoder

LLM

vision encoder

(a) Dynamic Resolution

LLM

vision encoder

××

vision encoder

(c) Active Perception  (Ours)Secondary Perception

Vision Token

Prunned Vision Token

Text Token

(b) Token Pruning

Cropping & Zooming

××

Low-Resolution Input

Figure 7. Detailed comparison between passive perception and our
proposed active perception method.

8.4. Evaluation of APO IoU 1072

During inference, the model only outputs the region of in- 1073
terest or target, while the answer is often located in the ad- 1074
jacent area outside the ROIs. Therefore, we expand the pre- 1075
dicted bounding box to a size of 512 and crop it from the 1076
original image. Accordingly, the APO IoU is computed af- 1077
ter enlarging both the ground-truth and predicted bounding 1078
boxes to a fixed size of 512. 1079

9. Downstream Tasks 1080

9.1. Downstream Instructions 1081

ZoomEarth can autonomously invoke external tools to per- 1082
form downstream tasks such as cloud removal, denoising, 1083
segmentation, and image editing without additional train- 1084
ing. By simply modifying the instruction, the model can be 1085
endowed with the ability to utilize these tools effectively. 1086
Specifically, the instructions we used in downstream tasks 1087
are: 1088

Instruction Used for Downstream tasks

You are an intelligent remote sensing analyst.
Given a natural language question about a satellite
image, generate a structured reasoning answer as
follows:
1. <think> ... </think>

• Provide a neutral one-sentence description of
the whole image scene.

• Cropping task: “This question is asking about
<short intent>, therefore I need to crop the im-
age to examine the surroundings of the men-

1089
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tioned target.”
• Non-cropping task: “This question is asking

about <short intent>, therefore I need to ana-
lyze the entire image without cropping.”

• Include:
– Question Intent: describe the type of ques-

tion (object category, spatial relation, count,
etc.) and needed visual information.

– Localization Strategy:
* Cropping: approximate referent object

location in natural language (no coordi-
nates).

* Non-cropping: strategy to detect all rele-
vant objects.

– Reasoning Result:
* Cropping: output exactly one JSON-

formatted bbox for the referent:

[{"bbox_2d": [x_min, y_min,
x_max, y_max],

"label": "<short description
>"}]

* Non-cropping: summarize how detected
objects will be used to produce the count.

2. <tool_call> ... </tool_call>
• After generating the bounding box of the ROI,

you must call the tools below.
• Follow these formatting rules strictly:

– You must output exactly one
<tool_call> block.

– The content inside must be a valid JSON ob-
ject in the following format:

<tool_call>
{

"name": "tool_name",
"arguments": {

"arg1": arg1
}

}
</tool_call>

– Available tools:
* Cloud removal:

"name": "cloud_removal",
"arguments": {

"bbox_2d": [x_min, y_min,
x_max, y_max]

}

* Segmentation:

"name": "segmentation",
"arguments": {

1090

"bbox_2d": [x_min, y_min,
x_max, y_max],

"objects": [obj1, obj2]
}

* Denoise:

"name": "denoise",
"arguments": {

"bbox_2d": [x_min, y_min,
x_max, y_max]

}

* Image editing:

"name": "image_editing",
"arguments": {

"bbox_2d": [x_min, y_min,
x_max, y_max],

"description": "Remove the
tree"

}

– Do not include any reasoning or comments
outside the <tool_call> block.

– If localization is uncertain, make a best-
guess bounding box.

– Ensure that the JSON inside
<tool_call> is valid and machine-
readable.

3. Example:

<tool_call>
{

"name": "cloud_removal",
"arguments": {

"bbox_2d": [120.5, 230.1, 6
40.3, 880.2]

}
}
</tool_call>

1091

9.2. Downstream Examples 1092

Below are examples of ZoomEarth’s response to down- 1093
stream task’s instructions. 1094

Cloud removal 1095

Prompt: Show me the bottom-most blue-roofed
building. And then remove the cloud over it us-
ing tools. + downstream instruction

<think>
The global satellite image shows a

large industrial facility

1096
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surrounded by forested areas and
some urban infrastructure. The
layout includes multiple
rectangular buildings, open
storage yards, and adjacent access
roads and rail lines. There are

also some construction zones and
partially visible structures,
along with surrounding natural
land cover patterns.

Question Intent: This question is
asking about identifying the
position of a specific blue-roofed
building at the bottom-most part

of the image, therefore I need to
crop the image to examine the
surroundings of the mentioned
target.

Localization Strategy: The referent
object is described as a blue-
roofed building located at the
bottom-most part of the scene. In
the global image, these blue-
roofed buildings appear as dark-
colored rectangular structures
with light-colored roofs,
positioned towards the lower end
of the industrial complex, near
the edge of forested areas and
road networks.

Reasoning Result: First, I locate the
bottom-most blue-roofed building
by identifying the lowest
rectangular structure with a
lighter roof within the industrial
complex. Its position is at the

southernmost part of the scene,
directly adjacent to forested
terrain, and slightly above a
cluster of smaller buildings. Then
, I crop the image to focus solely
on this building to perform

further operations.

</think>
<tool_call>
{

"name": "cloud_removal",
"arguments": {

"bbox_2d": [379.5, 400.5,
393.0, 411.5]

}

1097

}
</tool_call>

1098

Segmentation 1099

Prompt: Show me the bottom-most blue-roofed
building. And then segment it using tools. +
downstream instruction

<think>
The global satellite image shows a

large industrial facility with
multiple buildings, open storage
areas, and adjacent forested
regions. The layout includes long
rectangular structures arranged in
a linear fashion, some connected

by overpasses or elevated roads,
and several smaller buildings
scattered around the complex.

Question Intent: This question is
asking about identifying a
specific blue-roofed building at
the bottommost position in the
facility, therefore I need to crop
the image to examine the

surroundings of the mentioned
target.

Localization Strategy: The referent
object is the bottom-most blue-
roofed building. In the global
image, this corresponds to a small
rectangular structure with a

bright blue roof located toward
the lower right corner of the
facility, near the edge of the
wooded area.

Reasoning Result:
I need to pay attention to the bottom-

right section of the global image
where a small, distinct blue-
roofed structure can be seen. This
is positioned at the lower end of
the main facility area, above

open storage lots, and in close
proximity to the forested terrain.
The blue roof distinguishes it

from other nearby buildings or
structures.

</think>

1100
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<tool_call>
{

"name": "segmentation",
"arguments": {

"bbox_2d": [340.5, 395.5, 398.
0, 461.0],

"objects": ["bottom-most blue-
roofed building"]

}
}
</tool_call>

1101

Denoising1102

Prompt: Show me the bottom-most blue-roofed
building. And then denoise the area around it
using tools. + downstream instruction

<think>
The global satellite image shows a

large industrial facility with
multiple warehouse-like buildings,
large storage yards, and elevated
conveyor systems. The site is

surrounded by hilly terrain with
open fields and some scattered
clusters of buildings. Road
networks and bridges connect
different parts of the complex,
indicating active transportation
links.

Question Intent: This question is
asking about identifying the
bottom-most blue-roofed building
after locating the referent,
therefore I need to crop the image
to examine the surroundings of

the mentioned target.

Localization Strategy: The referent
object is described as the bottom-
most blue-roofed building. In the
global image, blue-roofed
structures stand out due to their
bright coloration against the
lighter-toned roofs and
surrounding terrain. The lowest
building among them would be the
southernmost one in the facility
layout, which is distinctly
located at the bottom of the image
. I can locate it by scanning

1103

along the southern edge of the
facility and identifying the
lowest blue-roofed structure.

Reasoning Result:
I need to pay attention to the

referent object at
‘‘‘json
[

{"bbox_2d": [347.5, 398.5, 398.0,
449.0], "label": "bottom-most
blue-roofed building"}

]
‘‘‘
</think>
<tool_call>
{

"name": "denoise",
"arguments": {

"bbox_2d": [347.5, 398.5, 398.
0, 449.0]

}
}
</think>

1104

Image editing 1105

Prompt: Show me the bottom-most blue-roofed
building. And then paint its roof red using tools.
+ downstream instruction

<think> The global satellite image
shows a large industrial facility
with multiple rectangular
buildings arranged in a grid-like
pattern across several plots.
There are large paved areas, some
with clearings, and surrounding
the facility are open land and
vegetation. Roads connect
different sections of the complex
within and around the periphery.

Question Intent: This question is
asking about identifying and then
visually changing the roof color
of a specific blue-roofed building
, therefore I need to crop the
image to examine the surroundings
of the mentioned target.

Localization Strategy: The referent
object is described by its roof
color - specifically blue. In the
global image, blue roofs can be

1106

11



CVPR
#

CVPR
#

CVPR 2026 Submission #. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

identified among the large
rectangular buildings occupying
the lower right section of the
facility. These buildings have
distinctively colored roofs,
making them stand out from other
structures due to their hue. The
blue-roofed building in question
is located toward the bottom-right
corner of the facility, near the

edge where the paved area meets
the vegetation.

Reasoning Result:
I need to pay attention to the

reference object at
‘‘‘json
[

{"bbox_2d": [357.5, 409.0, 399.5,
446.0], "label": "bottom-most
blue-roofed building"}

]
‘‘‘
</think>
<tool_call>
{

"name": "image_editing",
"arguments": {

"bbox_2d": [357.5, 409.0, 399.
5, 446.0],

"description": "Paint the roof
of the bottom-most blue-

roofed building red using
appropriate tools."

}
}
</think>
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Object：Existence
Are there any planes on the 

runway？
Answer:Yes.

Global：Counting
How many runways are there in the 

entire picture?
Answer:2

Global:Scene Type
What is the main type of the area shown in this

image - airport,residential or industrial?
Answer:Airport.

Object：Status
Is the main terminal in service or

out of service right now?

Answer：In service.

Object:Function
What is the function of the

large 'y' shaped building in the
center of the image?

Answer:Processes passengers
for flights.

Object:Color
What color is the roof of a building

based on a given bounding box?
Answer：blue

Region:Detection &
Recognition

There are sports fields in the
residential area in the upper right

corner of the image.

Answer:Yes.

Figure 8. The visualization of examples from LRS-GRO dataset.

Global:Counting
How many cooling towers are currently emitting white steam?

Answer:3

Object:Status
Is the tall tower on the left in

working condition?

Answer：Yes.

Object:Shape
Observe the tall tower located at the very

bottom of the farmland area.Which capital
letter does the tower's structural frame

most closely resemble?
Answer:A

Global:Relative location
What is next to the west of the coal area in the upper right corner?

Answer:Buildings with white roofs.

Region:Function
What is the main function of the grid-like area in the center of the

image?
Answer:Step-up substation for power plant.

Region:Layout
What are the characteristics of this substation's internal layout?

Answer:Open-air AIS layout.

Region:Counting
How many small, white transmission towers are in the farmland area

in the bottom-right corner?
Answer:3More Reasoning...

Figure 9. The visualization of examples from LRS-GRO dataset.

Object:Shape
Is the large concrete travel bridge at the very

top straight or curved?

Answer:Straight

Global:Judgement
Based on the judgment, can it be considered that the traffic in

the area is very developed?
Answer:Yes.

Object:Counting
How many cranes are aligned with the

southernmost large ship on the west bank?
Answer:3

Object:Status
Is the ship at the very bottom moving

or stationary?
Answer:Moving

Global:Scene Understanding
What are the main functions of this port?

Answer:Handling containerized cargo

Object:Color
What color is the stadium's running

track in the top-right corner?
Answer:Red.

More Perception... More Reasoning...

Figure 10. The visualization of examples from LRS-GRO dataset.

Global:Scene Understanding
What is the main function of the area in the

lower-left?
Answer:Residential

Global:Object Detection
What is the primary recreational facility in the

upper-right?
Answer:A baseball field

Region:Counting
How many clearly visible swimming pools

are in the residential area?
Answer:1

Object:Status
What is the occupancy status of the

parking lot?
Answer:Mostly empty.

Object:Existence
Are vehicles currently traveling on the

horizontal overpass in the center?
Answer:Yes.

Global:Relative location
What is the geographic orientation of the

baseball field relative to the diagonal highway?
Answer:Northeast of the highway.

Region:Attribute Recognition
What is the geographic orientation of the

baseball field relative to the diagonal
highway?

Answer:Grey and brown.

Global:Status
What is the traffic volume on the north-south

road east of the baseball field?
Answer:Very light traffic

Figure 11. The visualization of examples from LRS-GRO dataset.
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Oval shaped building

Left-bottom star-shaped
building

Buttom-most basketball
court

❌

Top-most basketball
court

The plane
❌

Top-most boeing plane

LRS-GRO LRS-VQA

Figure 12. Comparison Between LRS-GRO and LRSVQA.

Top-most boat

Bottom-most and
smaller boat

Right-most boat

Bridge

❌

Top-most boat

Left-most water body

LRS-GRO LRS-VQA

Figure 13. Comparison between LRS-GRO and LRSVQA.

Top-most cooling tower

The bridge

LRS-GRO

Buttom-most and
largest smoke

❌

Coal yard

Bottom-most cooling
tower

Top-most smoke
❌

LRS-VQA

Figure 14. Comparison between LRS-GRO and LRSVQA.

Left-most blue-roofed
building

Left-most boat

LRS-GRO

Top-most boat

Top-most goods-yard

Left-most boat

Top-most breakwater

LRS-VQA

❌

Figure 15. Comparison between LRS-GRO and LRSVQA.
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How many large circular tanks are visible in the top-center wastewater treatment plant?

<think> The global satellite image shows a coastal area with a river running along the left side, surrounded by
forested land on both sides. There are several industrial facilities, including power plants and wastewater treatment
plants, located inland near the river...

Question Intent: This question is asking about counting the number of large circular tanks in a specific wastewater
treatment plant, therefore I need to crop the image to examine the surroundings of the mentioned target.

Localization Strategy: The referent object is the "top-center wastewater treatment plant." In the global image,
this is identifiable as a large industrial facility with multiple rectangular buildings and open storage areas, situated
inland near the river. It is positioned roughly in the upper central portion of the image...

Reasoning Result:  I need to pay attention to the reference object at:

{"bbox_2d": [209.5, 34.0, 268.0, 67.0], "label": "top-center wastewater treatment plant"}

</think>  

<think>  To determine the number of large circular tanks in the cropped region, I should closely examine the
facility's layout and identify any circular structures...By counting each distinct circular tank, I can arrive at the
final answer. </think>
<answer>4</answer>

Global Description

Question Intent

Localization Strategy

Tool Calling

Stage 2 Reasoning

Figure 16. Reasoning process visualization of ZoomEarth.

Is the bottom-most large container ship's bow rounded or pointed?

Localization Strategy

Global Description

Question Intent

Tool Calling

Stage 2 Reasoning

Localization Strategy

<think> The global satellite image shows a coastal port facility with multiple docks, piers, and container storage
areas. There are several large cargo ships docked along the waterfront, surrounded by green vegetation inland...

Question Intent: This question is asking about the shape of the bow of a specific large container ship, therefore I
need to crop the image to examine the surroundings of the mentioned target.

Localization Strategy: The referent object is the bottom-most large container ship in the image. It can be identified
by its size, position at the lower end of the dock area, and its distinctive container stacks on deck. In the global
image, this ship is located near the southernmost part of the port...

Reasoning Result:  I need to pay attention to the reference object at:

{"bbox_2d": [209.5, 340.0, 228.0, 360.0], "label": "bottom-most large container ship"}

</think>  

<think>  To determine whether the bow is rounded or pointed, I should closely examine the cropped region
containing the referent ship. The bow refers to the front section of the vessel, which can be visually assessed by
looking at the curvature of the upper hull...By focusing on the bow area in the cropped image, I can infer the
correct classification based on its visual characteristics.  </think>
<answer>rounded</answer>

Figure 17. Reasoning process visualization of ZoomEarth.

Is the top-right blue factory buildings industrial area currently active?

<think> The global satellite image shows a large airport complex with multiple runways, taxiways, and terminal
buildings. Surrounding the airport are various industrial zones, warehouses, and some undeveloped land....

Question Intent: This question is asking about the operational status of a specific industrial facility, therefore I
need to crop the image to examine the surroundings of the mentioned target.

Localization Strategy: The referent object is the "top-right blue factory buildings industrial area." In the global
image, this can be identified by looking at the upper right section where there are large rectangular blue-roofed
structures situated near open land and road networks...

Reasoning Result:  I need to pay attention to the reference object at:

{"bbox_2d": [469.5, 10.0, 511.5, 50.0], "label": "top-right blue factory buildings industrial area"}

</think>  

<think>  To determine if the top-right blue factory buildings are currently active, I should examine the cropped
region for signs of ongoing operations such as visible activity, machinery, or equipment...By analyzing these
visual cues in the cropped image, I can infer the operational status of the industrial area.  </think>
<answer>yes</answer>

Global Description

Question Intent

Localization Strategy

Tool Calling

Stage 2 Reasoning

Figure 18. Reasoning process visualization of ZoomEarth.

How many large bridges crossing the river are visible in the image?

Global description

Question Intent

Localization Strategy

Reasoning result

Final answer

<think> The global satellite image shows a large river running diagonally across the frame, with two distinct landmasses on
either side. On the left side, there is a densely built-up urban area with numerous buildings, roads, and some industrial
zones...

Question Intent: This question is asking about counting the number of large bridges crossing the river, therefore I need to
analyze the entire image without cropping.

Localization Strategy: To locate large bridges, I will look for long, wide structures spanning across the river, often with
multiple lanes for vehicles and sometimes featuring roadways or rail tracks. These bridges typically have a consistent width
along their span and may connect two distinct landmasses...

Once all potential large bridges are identified, I will verify their size and connection status... Once all potential large bridges
are identified, I will verify their size and connection status....

By focusing only on the main, continuous structure, I conclude the count based on its presence and direct connection across
the river.  </think>
<answer>1</answer>

Figure 19. Reasoning process visualization of ZoomEarth.
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Is the left-most vehicle bridge currently carrying 
moving traffic or is it empty?
gt: carrying moving traffic

VLM-R3

"...let's focus on that area."

{"bbox_2d": [0, 1, 94, 463]}

The left-most vehicle bridge appears to be empty.

ZoomEarth

<think>...In the global image, this can be 
identified as the lowest overpass on the left side 
of the interchange, ...I need to pay attention to...

{"bbox_2d": [58, 249, 76, 258], "label":
"left-most vehicle bridge"}

I should check for any signs of congestion or
gaps between vehicles, which would indicate 
movement... </think>
<answer>moving traffic</answer>

Empty
IXC2.5

Moving traffic
internVL3-8B❌

❌

Figure 20. The comparison of the answer between different models.

Is the bottom-most narrow bridge designed for 
pedestrians or vehicles?
gt: pedestrians 

VLM-R3

"...let's focus on that area."

{"bbox_2d": [256, 320, 489, 393]}

<answer>vehicles</answer>

<think>...In the global image, this can be 
identified as a thin, elongated structure crossing 
over a water channel near the lower edge, 
connecting two landmasses....I need to pay 
attention to...
{"bbox_2d": [259, 378, 316, 394], "label":
"bottom-most narrow bridge"}

I should closely examine its width, structural 
design, and surrounding context. .... </think>
<answer>pedestrians</answer>

vehicles
IXC2.5

vehicles
internVL3-8B❌ ❌

❌

ZoomEarth

Figure 21. The comparison of the answer between different models.

16



CVPR
#

CVPR
#

CVPR 2026 Submission #. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

Is there any airplane currently using the right-most 
runway area?
gt: no

VLM-R3

"...let's focus on that area."

{"bbox_2d": [307, 318, 400, 450]}

<answer>No</answer>

ZoomEarth

<think>...In the global image, this can be 
identified as the long, straight strip of pavement 
located toward the far right side of the airport 
layout, ...I need to pay attention to...

{"bbox_2d": [369, 278, 427, 431], "label":
"right-most runway area"}

I should closely inspect the cropped region for 
visual indicators of aircraft presence.... </think>
<answer>no</answer>

yes
IXC2.5

yes
internVL3-8B❌ ❌

Figure 22. The comparison of the answer between different models.

Is the roof of the largest waterside warehouse 
building flat or sloped?
gt: flat

{"bbox_2d": [279, 809, 326, 824], "label":
"largest waterside warehouse building"}

SFT

<think>...  It is positioned along the lower part of
the image, close to the shoreline, and is the most
prominent building in that
section....I need to pay attention to...

... The surrounding dock area and adjacent buildings 
can help confirm the building’s orientation relative 
to the water... </think>
<answer>sloped</answer> ❌

{"bbox_2d": [68, 15, 168, 98], "label":
"largest waterside warehouse building"}

RL

<think>...  It is the most prominent structure in the
waterway area, distinguishable by its size and
position relative to nearby docks and
piers....I need to pay attention to...

... By focusing on the roof's geometry and shadow 
patterns, I can infer whether it is flat or has a slope.
</think>
<answer>flat</answer>

Figure 23. Comparison of reasoning results before and after RL. The text marked in orange indicates incorrect reasoning processes.

17



CVPR
#

CVPR
#

CVPR 2026 Submission #. CONFIDENTIAL REVIEW COPY. DO NOT DISTRIBUTE.

Is the top-left parking lot mostly full or mostly 
empty?
gt: mostly empty

{"bbox_2d": [0, 1, 179, 185], "label":
"top-left parking lot"}

SFT

<think>... It is distinguishable by its
rectangular shape and the presence of numerous
vehicles parked within
it.....I need to pay attention to...

... By comparing the proportion of occupied versus 
unoccupied spaces, I can infer the overall 
occupancy status. </think>
<answer>mostly full</answer> ❌

{"bbox_2d": [1, 48, 97, 117], "label":
"top-left parking lot"}

RL

<think>... It is distinguishable by its rectangular
shape and organized rows of
vehicles....I need to pay attention to...

... Observing the arrangement of cars and comparing
 them to the parking capacity will allow me to 
classify the lot's occupancy status. </think>
<answer>mostly empty</answer>

Figure 24. Comparison of reasoning results before and after RL. The text marked in orange indicates incorrect reasoning processes.

What is the primary function of the northwest 
lakeside area?
gt: recreation

{"bbox_2d": [68, 59, 208, 204], "label":
"northwest lakeside area"}

SFT

... proximity to the lake may indicate recreational 
or tourism-related uses, but the dominant land use 
pattern will guide the classification. </think>
<answer>residential</answer> ❌

{"bbox_2d": [1, 4, 98, 67], "label":
"northwest lakeside area"}

RL

<think>...  In the global image, this corresponds to
a section along the northern and western coastlines
where water bodies are
visible....I need to pay attention to...

... The proximity to urban centers could indicate 
economic or tourism-related functions. By 
analyzing the spatial... </think>
<answer>recreation</answer>

<think>...  In the upper left portion of the image,
there is a body of water bordered by green
vegetation and scattered
buildings....I need to pay attention to...

Figure 25. Comparison of reasoning results before and after RL. The text marked in orange indicates incorrect reasoning processes.
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