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䴶৥ᱎ㛑⊏⧚ⱘᯊぎֵᙃ᭄ᱎ࣪݇䬂ᡔᴃⷨお 

ᑌ᫜䪫 1,2喏䗘ђ 3喏ᱝᎲ 4喏݄⦈ 3喏ᰥܛ␔ 5喏ႅ䷂ 6喏㒃ᬺ 6喏 
䭚Ⅴԙ 2喏᳃䩒㔬 2喏݄䨷 5 

1. ᮄ⭚໻ᄺ ഄ⧚Ϣ䘹ᛳ⾥ᄺᄺ䰶ˈР剕᳼唤 830017˗ 
2. ᑓᎲ໻ᄺ ഄ⧚⾥ᄺϢ䘹ᛳᄺ䰶ˈᑓᎲ 510006˗ 
3. ࣫Ҁ໻ᄺ ഄ⧗Ϣぎ䯈⾥ᄺᄺ䰶ˈ࣫Ҁ 100871˗ 

4. 㽓फѸ䗮໻ᄺ ഄ⧗⾥ᄺϢᎹ⿟ᄺ䰶ˈ៤䛑 611756˗ 
5. ජе䰶˄ᑓᎲ˅᳝䰤݀ৌˈᑓᎲ 511300˗ 

6. Ёቅ໻ᄺ ഄ⧚⾥ᄺϢ㾘ߦᄺ䰶ˈᑓᎲ 510006 
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㒳ǃϝ㓈ഄϟㅵ㒓㋏㒳ǃ೑ೳぎ䯈ㅵ⧚ֵᙃᑇৄǃ 
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೒ 1  ᑇৄᘏԧḚᶊ 
3SЎܼ⧗ᅮԡ㋏㒳˄global positioning systemˈGPS ǃ˅䘹ᛳ˄remote sensingˈRS˅੠ 

ഄ⧚ֵᙃ㋏㒳˄geographic information systemˈGIS˅ⱘড়⿄ 
Fig.1  Overall architecture of the platform 

ᬓࡵぎ䯈ㅵ⧚ֵᙃᑇৄǃ⿏ࡼӫ䞛ᑇৄǃ⿏ࡼ೑㾘

ᑇৄǃᵫϮሔষ㹟݀ು˄ ๲ජ݀ು ㄝ˅ᄤᑇৄ㋏㒳Ǆ

Џ㽕Ң᭄᥂ሖǃㅫ⊩ሖǃᑨ⫼ሖϝᮍ䴶ᅲᮑǄ 

1˅໮῵ᗕᯊぎ᭄᥂ⱘܼඳ㵡ড়Ϣ催ᬜ㒘㒛 
೼᭄᥂ሖˈ䩜ᇍ໮⑤ᓖᵘᯊぎ᭄᥂ⱘ⹢⠛࣪Ϣ

䎼῵ᗕ㵡ড়ຕ൦ˈᦤܼߎሔ–ሔ䚼⏋ড়ᯊぎ㋶ᓩᴎ
䆒䅵໮῵ᗕሖ⃵᭄࣪᥂㒘㒛῵ൟǄ䗮䖛ᵘᓎܼˈࠊ

ඳᯊぎ᭄᥂ҧᑧˈᅲ⦄䎼䚼䮼ǃ䎼ሖ㑻ǃ䎼Ϯࡵⱘ

᭄᥂催ᬜᭈড়Ϣ䕏䞣࣪䆓䯂Ǆৠᯊˈⷨথ㞾䗖ᑨᯊ

ぎ᭄᥂ৃ㾚࣪ᓩ᪢ˈᬃᣕӏࡵ偅ࡼⱘࡼᗕ᭄᥂䇗ᑺ

Ϣ໮ሎᑺ␆ᶧˈЎ໻എ᱃ϝ㓈ජᏖᅲᯊѸѦৃ㾚࣪

ᦤկᡔᴃֱ䱰Ǆ 

2˅ᴎ⧚Ϣ᭄᥂ঠ偅ࡼⱘᱎ㛑ߚᵤ῵ൟ 
೼ㅫ⊩ሖˈᦤߎ䮼᥻⏅ᑺ⅟ᏂӬ࣪㔥㒰˄gated 

deep residual optimization network G̍D-ResNet˅̍ 㾷
Ёഄ⠽ሔ䚼⡍ᕕϢܼሔ㒧ᵘֵᙃणৠڣ䘹ᛳᕅއ

ᦤপⱘ䲒乬ǄᵘᓎҎ–ഄ݇㋏ᯊᑣߚᵤ῵ൟˈ㵡ড়
ⶹ䆚೒䈅Ϣᯊぎ㸠Ўᣪᥬㅫ⊩ˈᅲ⦄ජᏖԧᕕ˄བ

Ҏষ⌕ࡼǃ⛁⦃๗ⓨব ⱘ˅㒚㉦ᑺᅲᯊⲥ⌟Ǆℸ໪ˈ

䖬ᓔথ໮ӏࡵᴗؐ݅ѿব࣪Ẕ⌟῵ൟˈ㒧ড়ೳഄ㽚

ⲪϢ⠽⧚ᴎ⧚㑺ᴳˈЎ䍙ࠡ乘䄺ᦤկㅫ⊩ᬃᩥǄ 

3˅ܼഎ᱃ᱎ㛑᳡ࡵϢणৠ⊏⧚㣗ᓣ 
೼ᑨ⫼ሖˈ෎Ѣ᭄᥂Ϣㅫ⊩ⱘणৠӬ࣪ˈᵘᓎ

䲚Ё㒳ϔ݅ѿǃߚሖߚ㑻ㅵ⧚ⱘᱎ㛑އㄪ㣗ᓣǄ෎

Ѣᯊぎֵᙃ᭄ᱎ࣪ᑇৄ ゟ̍䎇⼒Ӯ໻ӫ ᅲ̍⦄Ѹ䗮ǃ

ӥ䯆എ᠔ㄝ໮Ϯࡵᯊぎֵᙃⱘᱎ㛑᳡ࡵˈ᳡ࡵජᏖ

ሙ⇥ӥ䯆ߎ㸠Ǆ 

3  ᯊぎֵᙃ᭄ᱎ࣪ᑇৄⱘ݇䬂ᡔᴃ 

3.1  ජᏖҎഄ݇㘨ᯊぎֵᙃᱎ㛑⊯೼ᛳⶹᮍ⊩ԧ

㋏ᵘᓎ 

ජᏖⷨおЁᇍҎⱘ⌏ࡼᛳⶹϢᇍഄ⧚⦃๗ᛳ

ⶹ䗮ᐌⳌѦ⣀ゟˈЎ㾷އ᭄᥂ᴹ⑤Ϣߚᵤᮍ⊩Ꮒᓖ

᠔ᇐ㟈ⱘᛳⶹࡆ㺖䯂乬ˈᵘᓎ⼒Ӯᛳⶹǃഄ⠽ᛳⶹ

ϢҎ–ഄϔԧ㓐ড়ᛳⶹⱘᡔᴃԧ㋏ˈབ೒ 2 ᠔⼎Ǆ
䗮䖛ᢧሩ⼒Ӯᛳⶹ⧚䆎ԧ㋏ˈᦤߎ෎Ѣ GD-ResNet
ⱘජᏖⳂᷛࡼᗕᛳⶹϢ㦋পᮍ⊩ˈᵘᓎҎ–ഄϔԧ
㓐ড়ᛳⶹ⛁⦃๗᭄᥂䲚ˈ㾷އҎഄ݇㘨ᯊぎֵᙃᱎ

㛑ᛳⶹ੠䆚߿䯂乬ˈЎᅮ䞣ᧁ⼎ҎϢഄ⧚⦃๗П䯈

ⱘ㗺ড়݇㋏༴ᅮњ䞡㽕ⱘ⧚䆎෎⸔Ǆ 
˄1˅⼒Ӯᛳⶹ⧚䆎ԧ㋏ḚᶊᵘᓎǄ⦄᳝⼒Ӯᛳ

ⶹⷨお໮㘮⛺Ѣऩϔ᭄᥂⑤ߚᵤˈ㔎У㋏㒳ᗻ⧚䆎

ḚᶊǄ⿏ࡼᅮԡ᭄᥂ᯊぎ㉦ᑺ䖛㉫ˈ䲒ҹᬃᩥ㊒㒚

ሎᑺⱘҎ–ഄѸѦⷨお˗Ӵ㒳 GIS ぎ䯈῵ൟ೼ࡼᗕ
㕸ԧ㸠Ўᓎ῵ᮍ䴶ᄬ೼⧚䆎㔎༅ǄҹҎ԰Ў᳔ᇣ㉦

ᑺᛳⶹऩܗˈᵘᓎࣙ৿ᛳⶹӴ䕧ǃ᭄᥂ㅵ⧚ǃ㸠Ў

῵ᓣǃぎ䯈⡍ᕕ੠ϧ乬ᑨ⫼ⱘ⼒Ӯᛳⶹ⧚䆎ԧ㋏Ḛ

ᶊ˄Wang ㄝˈ2019˗Zhang ㄝˈ2019˗Jiang ㄝ  ̍
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೒ 2  Ҏ–ഄϔԧ㓐ড়ᛳⶹᡔᴃԧ㋏ 
᥶㋶ϢӬܜ䖨ಲ˄exploration and priority returnˈEPR˅  

Fig.2  Integrated human-land sensing technology system 

2022aˈb Ǆ˅߽⫼໻᭄᥂ᠽሩ GIS ぎ䯈῵ൟϢߚᵤ
ᮍ⊩ǃᴎ఼ᄺдㄝᮍ⊩ˈᱎ㛑ᣪᥬҎⱘᯊぎ㸠Ў῵

ᓣˈ䯤ᯢҎ–ഄ㓐ড়ᛳⶹⱘජᏖ⛁⦃๗ⓨব㾘ᕟˈ
ᅮ䞣ᧁ⼎ҎϢഄ⧚⦃๗П䯈ⱘ㗺ড়݇㋏Ǆ 
˄2˅෎Ѣ GD-ResNet ⱘජᏖഄ⠽ᱎ㛑ࡼᗕᛳ

ⶹǄӴ㒳ो⿃⼲㒣㔥㒰˄ convolutional neural 
networkˈCNN˅῵ൟᄬ೼⏅ሖ㔥㒰ẃᑺ⍜༅ǃ催
Ԣሖ㑻⡍ᕕѸѦফ䰤ㄝ䯂乬˄LeCun ㄝˈ1998 Ǆ˅
ResNet 㱑䗮䖛䏇䎗䖲᥹㓧㾷ẃᑺ䯂乬ˈԚ೎ᅮ䖲
᥹ᮍᓣ䲒ҹ䗖ᑨ໡ᴖഄ⠽⡍ᕕ ঺̠໪⊼ᛣ࡯ᴎࠊ㱑

㛑๲ᔎ䞡㽕⡍ᕕˈгӮՓ䅵ㅫ໡ᴖᑺਜᑇᮍ๲䭓

˄He ㄝˈ2016 Ǆ˅䮼᥻ᴎࠊ೼㞾✊䇁㿔
њ㞾䗖ᑨ⡍ᕕ䇗᥻Ӭ࢓ˈ಴ℸᦤߎϔ⾡෎Ѣ

GD-ResNetⱘ⏅ᑺᄺдᮍ⊩˄Huang ㄝˈ2019˅̍
ᅲ⦄䘹ᛳᕅڣ೼ CNNЁ催ǃԢሖ㑻⡍ᕕП䯈ⱘ໮
ᮍ৥ֵᙃӴ䗦੠๲ᔎ 㦋̍ᕫ᳈ᅠᭈⱘഄ⠽ሔ䚼㾚㾝

⡍ᕕ੠ܼሔぎ䯈㒧ᵘֵᙃ ҹ̍ᦤछජᏖഄ⠽ⱘᱎ㛑

 Ǆ࡯ᗕᛳⶹ㛑ࡼ
˄3˅෎ѢҎ–ഄϔԧ㓐ড়ᛳⶹⱘᯊぎֵᙃᱎ㛑

ᛳⶹᡔᴃঞ᭄᥂ⷨথ˄Luo ੠ Lauˈ2021 Ǆ˅ᓔሩ
ᯊぎֵᙃ᭄ᱎ࣪݇䬂ᡔᴃⱘҎ–ഄϔԧ㓐ড়ᛳⶹ᭄
᥂ⱘ⫳ѻǃߚᵤᣪᥬⷨおˈ㋏㒳ⷨおҎ–ഄϔԧ㓐
ড়ᛳⶹⱘᯊぎֵᙃᱎ㛑ᛳⶹᡔᴃˈḌᖗ೼Ѣ㵡ড় 

Ҏ–ഄ㋏㒳ⱘ໮⑤ֵᙃˈҹ䞣࣪ජᏖ࣪ᇍҎԧ⛁ᑨ
⚍ԧ㗠㿔ˈᭈড়䭓ᯊ䯈ᑣ߫ⱘ⇨䈵キ݋ⱘᕅડǄ࡯

㾖⌟᭄᥂Ϣ໮ᳳ䘹ᛳೳഄ߽⫼/㽚Ⲫ᭄᥂Ǆ佪ܜ 䗮̍

䖛ߚᵤ↣Ͼ⇨䈵キ⚍਼䖍㓧ކऎݙⱘೳഄ߽⫼Ϣ

ೳഄ㽚Ⲫ˄land use and land coverˈLULC˅ࡼᗕব
࣪ ᇚ̍キ⚍ࡼᗕߚ㉏ЎජᏖキ⚍៪еᴥキ⚍˗݊ ⃵ˈ

෎Ѣ৘キ⚍ⱘ⇨䈵᭄᥂䅵ㅫ໮⾡Ҏԧ⛁ᑨ࡯ᣛᷛ˗

᳔ৢˈ䗮䖛ᇍ↨ජᏖキ⚍Ϣеᴥキ⚍⛁ᑨ࡯ᣛᷛⱘ

ব࣪䍟࢓Ꮒᓖˈᵘᓎ㛑໳ᧁ⼎ජᏖ࣪ᬜᑨⱘ⛁ᑨ࡯

᭄᥂䲚Ǆ 

3.2  ໻എ᱃໮῵ᗕᯊぎ᭄᥂催ᬜ㒘㒛ㅵ⧚੠㞾䗖

ᑨৃ㾚࣪ᡔᴃ 

䴶ᇍජᏖ䖤㸠Ϣথሩ䖛⿟Ёѻ⫳ⱘഄ⧚ぎ䯈

᭄᥂ǃ⿏ࡼᇍ䈵䔼䗍ǃ㾚乥ⲥ᥻ǃ⼒Ѹၦԧ᭛ᴀ/
೒ڣㄝ PB 㑻໮῵ᗕ᭄᥂ⱘㅵ⧚ᣥ៬ˈӴ㒳᭄᥂ᑧ
੠ GIS೼໘⧚བℸ⍋䞣ǃᓖᵘˈϨ᳝݋໡ᴖᯊぎ݇
㘨ⱘ᭄᥂ᯊˈᐌ䴶Јᶹ䆶ᬜ⥛Ԣϟǃ᭄᥂῵ൟϡݐ

ᆍǃৃ㾚࣪㸼䖒ೄ䲒ㄝ⫊乜Ǆ಴ℸˈ㋏㒳ⷨお໻എ

᱃ǃ໮῵ᗕ໡ᴖᯊぎ᭄᥂ⱘ催ᗻ㛑㒘㒛ㅵ⧚੠㞾䗖

ᑨৃ㾚࣪ᡔᴃᮍ⊩ԧ㋏ǄᦤߎĀ᭄᥂偅ࡼ+῵ൟ偅
ߚāⱘ໮῵ᗕᯊぎ໻᭄᥂๲ᔎৃ㾚࣪ࡼѸѦ偅+ࡼ
ᵤԧ㋏ᶊᵘˈথሩ໻എ᱃ᯊぎ᭄᥂催ᬜ㒘㒛ㅵ⧚ⱘ 
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໮῵ᗕ໮ሖ⃵⏋ড়ᯊぎ㋶ᓩᮍ⊩ˈᓎゟ᳝݋䆞ᮁᗻ

ⱘᯊぎᇍ䈵㞾䗖ᑨ݇㘨ϢߚᏗ῵ൟǄ䖭さ⸈њӏ

ᑊ㸠໡ᴖѸ㒛ᇐ㟈ⱘ催ᗻ㛑ࠊǃ᭄᥂ǃ䅵ㅫǃ㒬ࡵ

㞾䗖ᑨৃ㾚࣪䲒乬ˈЎ㊒⹂㵡ড়ǃᦣ䗄ǃሩ⼎੠ߚ

ᵤᯊぎֵᙃᦤկᔎ᳝࡯ⱘᡔᴃᬃᩥǄ໻എ᱃ᯊぎ᭄

᥂㒘㒛ǃ݇㘨ǃৃ㾚࣪ᮍ⊩བ೒ 3᠔⼎Ǆ 

 

೒ 3  ໻എ᱃ᯊぎ᭄᥂㒘㒛ǃ݇㘨ǃৃ㾚࣪ᮍ⊩ 
Fig.3  Methods for the organization, association, and visualization of spatiotemporal data in large-scale scenes 

˄1˅෎Ѣ໮῵ᗕ໮ሖ⃵⏋ড়ᯊぎ㋶ᓩⱘ໻എ᱃
ᯊぎ᭄᥂ᱎ㛑㒘㒛Ǆ⦄᳝ᯊぎ㋶ᓩ໮䩜ᇍऩϔ᭄᥂

㉏ൟ䆒䅵 བ̍ STRᷥ໘⧚⿏ࡼᇍ䈵ǃGeoHash໘⧚
⚍᭄᥂ˈ㔎У䎼῵ᗕⱘ㒳ϔ㋶ᓩḚᶊǄഄ⧚㾚乥᭄

᥂᳝݋ᯊぎ䖲㓁ᗻ੠䇁Н݇㘨ᗻˈӴ㒳㾚乥݇䬂ᏻ

ᦤপᮍ⊩ᯧ϶༅ഄ⧚ぎ䯈ֵᙃǄ಴ℸˈᅮНϔ⾡໮

῵ᗕᯊぎഎ᱃᭄᥂˗ᑊ㒧ড়ϡৠ㋶ᓩㄪ⬹ⱘӬ࢓ˈ

བՓ⫼ܼሔ㋶ᓩ㓈ᡸᅣ㾖݇㋏ǃሔ䚼㋶ᓩ໘⧚㊒㒚

ᯊぎᇍ䈵ˈ䆒䅵ϔ⾡ܼሔ–ሔ䚼⏋ড়ᯊぎ㋶ᓩԧ㋏
㒧ᵘ ᦤ̠ߎ෎Ѣܼሔ೒ⱘ㋶ᓩㅫ⊩੠䲚៤ⱘ STR೒
㋶ᓩḚᶊ˄Feng ㄝˈ2018 Ǆ˅ℸ໪ˈ䩜ᇍ᳝݋Єᆠ
ᯊぎ䇁Нⱘഄ⧚㾚乥᭄᥂ˈ乒ঞ݊Ёぎ䯈ԡ㕂ǃᇍ

䈵㸠ЎϢഎ᱃ব࣪ˈᦤߎҹԡ㕂ব࣪ЎЁᖗⱘ䇁Н

ᯊぎ㋶ᓩᮍ⊩˄ Wu ㄝ 2̍018˅̍ ᇚ䇁НֵᙃϢᯊ
㓈ᑺ㒧ড়ˈᦤछݙᆍẔ㋶ᬜ⥛Ǆ 
Ꮧߚ䆞ᮁᗻⱘᯊぎᇍ䈵㞾䗖ᑨ݇㘨Ϣ᳝݋˅2˄

῵ൟᓎゟǄ⧚㾷ජᏖ㋏㒳Ё৘㽕㋴П䯈ⱘ໡ᴖⳌѦ

԰⫼ˈབҎষ⌕ࡼǃೳഄ߽⫼ǃѸ䗮⢊މˈϡᰃ䗮

䖛ㅔऩⱘ㒳䅵ᦣ䗄ˈ㗠ᰃ㽕ᓎゟ㛑ᧁ⼎ݙ೼݇㘨੠

ⓨ࣪ᴎࠊⱘ῵ൟǄᯊぎ᭄᥂ⱘ催㓈ᗻǃ䴲㒓ᗻঞ໮

῵ᗕ⡍ᕕ䯈ⱘ┰೼णৠ݇㋏ˈ㟈Փᓎ῵ᵕ݋ᣥ៬Ǆ

㗗㰥ࠄԢ⾽؛䆒᳝ࡽѢҢ催㓈᭄᥂Ёᦤপᴀ䋼㒧

ᵘϢএ䰸ాໄˈᑊথ⦄┰೼ⱘ㕸ԧ῵ᓣˈ಴ℸᦤߎ

෎ѢԢ⾽㸼ᕕⱘ໮ሎᑺᯊぎᇍ䈵㘮㉏ᮍ⊩˄Yin 
ㄝˈ2017˅̠ Ў㛑໳㞾䗖ᑨഄ㵡ড়ϡৠ῵ᗕⱘֵᙃˈ
ᑊ䆘Ԅ݊ᇍ⡍ᅮ⦄䈵ⱘ䋵⤂ᑺˈབѸ䗮ᢹฉǃҎ㕸

㘮䲚ˈᓎゟ䆞ᮁᗻ੠乘⌟ᗻⱘ໮῵ᗕ⡍ᕕ㞾䗖ᑨण

ৠⱘᯊぎᇍ䈵݇㘨ǃߚᏗ੠乘⌟ߚᵤ῵ൟ˄Hu ㄝˈ
2018˅̠ ҹߚᵤᯊぎᇍ䈵ߚᏗ῵ᓣⱘᯊぎⓨ࣪㾘ᕟ
Ң⧚䆎Ϟ㾷އབԩ᳝ᬜ㵡ড়໮⑤ֵᙃᑊ⏅ܹ⧚㾷

ᯊぎ᭄᥂ⱘ݇㘨㵡ড়䯂乬Ǆ 
˄3 Ā˅᭄᥂偅ࡼ+῵ൟ偅ࡼ+ѸѦ偅ࡼāⱘ໮῵

ᗕᯊぎ໻᭄᥂๲ᔎৃ㾚࣪ߚᵤԧ㋏ᱎ㛑ᵘᓎǄ䴶ᇍ

⍋䞣ⱘ໡ᴖᯊぎ᭄᥂ˈӴ㒳䴭ᗕഄ೒៪೒㸼ⱘৃ㾚 
࣪ᮍᓣֵᙃᡓ䕑䞣᳝䰤ˈ䲒ҹᬃᣕ⏅ܹⱘ᥶㋶ᗻߚ

ᵤ੠໡ᴖ῵ᓣথ⦄Ǆ⫼᠋䳔㽕᳈ᱎ㛑ǃ᳈݋ѸѦᗻ

ⱘৃ㾚࣪Ꮉ݋ǄҢሩ⼎ǃߚᵤ੠᥶㋶ϝϾሖ⃵ᵘᓎ

䴶৥໮῵ᗕᯊぎ᭄᥂㞾䗖ᑨৃ㾚࣪ⱘ໮ሖ⃵ৃ㾚
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Fig.4  Intelligent cognitive methods for spatiotemporal information 
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Fig.5  Application case studies of spatiotemporal information digital intelligence platform 
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Abstract: Spatiotemporal information digital intelligence platforms constitute an indispensable foundational infrastructure for 
constructing and operating smart cities, representing the technological linchpin for realizing a truly intelligent urban twin. However, 
enabling machines to break down information silos, comprehend urban spatiotemporal evolution, and uncover latent patterns presents a 
frontier challenge at the intersection of artificial intelligence (AI) and geographic information science (GIS). Traditional systems, 
engineered for structured data, struggle with the velocity and heterogeneity of contemporary urban data streams. This gives rise to three 
critical challenges: fragmented processing of multi-modal data obstructs a holistic view of the “urban pulse”; a persistent semantic gap 
impedes the transformation of vast data volumes into actionable knowledge; and a disconnection between perceptual, data-driven 
approaches and established mechanistic models constrains our ability to understand causal relationships, consigning urban management 
to a reactive posture rather than a proactive one. This study confronts these challenges by proposing and developing a comprehensive 
spatiotemporal information digital intelligence platform. Its architecture is meticulously designed around the full lifecycle of 
spatiotemporal information, encompassing five key stages: intelligent perception, intelligent fusion, intelligent cognition, intelligent 
decision-making, and intelligent services. This framework methodically guides the transformation along a “data-information-knowledge- 
service” value chain: raw multi-source data are acquired through perception; they are organized into structured information via fusion; 
patterns and insights are extracted as actionable knowledge during cognition; and this knowledge ultimately drives intelligent 
decision-making and targeted service delivery. This architecture fundamentally shifts the paradigm of urban governance from fragmented 
reaction to integrated, predictive foresight. The research introduces significant innovations across several domains. First, in intelligent 
perception, we established a ubiquitous sensing framework for monitoring urban human-land interactions, integrating both physical and 
social sensing modalities. This was accomplished by developing a novel gated deep residual optimization network (GD-ResNet), which 
adaptively enhances information flow between feature layers to capture both fine-grained local textures and overarching global spatial 
structures from remote sensing imagery. Second, to surmount data management bottlenecks, we devised a high-performance organization 
and adaptive visualization system. A core innovation is a global-local hybrid spatiotemporal indexing mechanism that creates a unified 
framework for efficiently querying petabyte (PB)-scale heterogeneous data. This is augmented by an adaptive visualization engine that 
supports collaborative, hypothesis-driven exploration for decision-makers. Third, in intelligent cognition, the research developed 
advanced models offering both diagnostic and prognostic capabilities. By bridging the gap between empirical observation and physical 
reality, models for phenomena such as urban waterlogging not only identify current risks but also predict future vulnerabilities under 
various development scenarios, enabling decision-makers to understand the causes of events and simulate potential outcomes of 
interventions. These technological advancements were systematically integrated into the unified digital intelligence platform. The 
platform has been successfully deployed and widely applied across numerous sectors, including urban master planning and land 
management, economic operations, public safety, and ecological conservation. By providing a scientific basis for fine-grained urban 
governance and evidence-based decision-making, as demonstrated by practical applications in enhancing land-use efficiency and 
optimizing resource allocation. 
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