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Abstract: Objectives: Mars is a key target in the search for potential extraterrestrial life and preserves
abundant geological records of past aqueous activity and environmental evolution. The Tianwen-3 Mars

sample-return mission aims to search for potential biosignatures and investigate the habitability of Mars and
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its evolutionary history. Landing-site selection is therefore required to satisfy engineering safety constraints
while maximizing the scientific value of the returned samples. In particular, candidate sites should contain
geological materials capable of recording ancient aqueous environments and preserving potential biosigna-
tures. However, Martian habitability is controlled by multiple geological factors, including geological age,
aqueous activity, material composition, depositional setting, and post—formation modification. In addition,
some geomorphological features may have multiple possible origins, making it difficult to assess scientific
value from a single remote—sensing observation. To address these issues, a multi-parameter intelligent
landing-site selection method with quantitative scientific-value evaluation is developed for the Tianwen-3
mission. Methods: Multi-source orbital remote-sensing and thematic datasets are integrated to characterize
terrain, surface hazards, geological context, mineralogy, and surface physical properties. Representative
landforms, including impact craters, dunes, pitted cones, mesas, channels, scarps, lobate features, and
buried craters, are systematically inventoried. A two—stage workflow consisting of engineering—constraint
screening and scientific-value evaluation is then implemented. In the engineering stage, constraints related
to topography, surface obstacles, impact-related hazards, and thermophysical properties are parame-
terized, configured according to mission requirements, and applied to identify feasible regions. Mission—
scale landing ellipses are subsequently generated within the engineering—feasible domain. In the scientific
stage, geomorphological, stratigraphic, and mineralogical evidence within each candidate ellipse is quanti-
tatively and traceably evaluated in five dimensions: geological context and evolutionary history, diversity of
material composition, evidence for liquid—water activity, habitability and biosignature—preservation poten-
tial, and post—formation modification and preservation of geological records. The resulting multidimensional
scores are integrated to rank candidate ellipses within each study region. Results: The method is applied to
three candidate regions with contrasting geological settings: Isidis Planitia-Nili Fossae, the outlet region of
Mawrth Vallis, and the surrounding area of the Zhurong landing site. A total of 54 engineering—feasible can-
didate landing ellipses are generated, including 12 in Isidis Planitia-Nili Fossae, 12 in Mawrth Vallis, and
30 in the Zhurong landing—site region. One preferred ellipse is identified in each region. The preferred candi-
dates show high priorities in the multidimensional scientific-value assessment, although the dominant geo-
logical evidence differs among the three regions. The stability of the evaluation results is further examined
through sensitivity analysis of engineering parameters, adjustment of scientific-objective priorities, and per-
turbation of geomorphological inventory uncertainty. Conclusions: The proposed method converts engi-
neering requirements, geological evidence, and mission—oriented scientific preferences into an explicit and
quantitative landing—site selection workflow. It is configurable and can incorporate mission requirements
and expert knowledge. Engineering feasibility is treated as a prerequisite rather than as a factor that can be
compensated for by high scientific value, while scientific ranking is performed only among engineering—fea-
sible candidates. The integration of multiple geological evidence types reduces dependence on any single re-
mote—sensing interpretation and enables the scientific ranking to be traced back to observable geomorpho-
logical, stratigraphic, and mineralogical features. The method therefore provides a quantitative and
traceable spatial-decision framework for Tianwen—3 landing—site selection, supports subsequent high—reso-
lution verification, and offers a transferable methodological reference for intelligent landing—site selection in
future Mars sample—return and life-detection missions.

Key words: Tianwen—3; Mars sample return; landing—site selection; multi-parameter
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Fig. 1 Locations and Topographic Contexts of the Candidate Landing Regions on Mars
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Table 1 Multi-source Martian Remote Sensing and Thematic Data Used in This Study and Their Main Applications
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Fig. 4 Typical Landforms and Their Remote Sensing Identification Characteristics in the Candidate Landing Regions on Mars
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Table 5 Inventory Statistics of Geomorphic Features in the Candidate Landing Regions
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Table 6 Statistics of Engineering—Feasible Areas and Connected Components in the Candidate LLanding Regions
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Table 7 Scientific-Assessment Results for Representative Candidate Landing Ellipses in the Study Regions
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Fig. 9 Representative Candidate Landing Ellipses and Associated Geomorphic-Mineralogical Evidence in Isidis Planitia-Nili Fossae
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Fig. 10 Representative Candidate Landing Ellipses and Associated Geomorphic-Mineralogical Evidence in Mawrth Vallis
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Table 8 Scientific-Assessment Results for Preferred and Second-Ranked Landing Ellipses in Historical Mission Regions
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Table 9  Sensitivity Analysis Results for Scientific Objective Prioritization
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