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BD. G. wf. (UAV) cÖhyw³i gva¨‡g Mv‡Qi msL¨v Ges K¨v‡bvwc wba©viY: cÖeÜ ch©v‡jvPbv 

wewe nvdQv1, †gvt mv¾v`Dj Bmjvg2, Gm. Gg Avwidzj †nv‡mb3, †gvt ivdmvbyi ivwd4 

1mn‡hvMx Aa¨vcK, f‚‡Mvj I cwi‡ek wefvM, Rvnv½xibMi wek¦we`¨vjq, mvfvi, XvKv-1342 
2-4M‡elK, f‚‡Mvj I cwi‡ek wefvM, Rvnv½xibMi wek¦we`¨vjq, mvfvi, XvKv-1342 

mvims‡¶c: kn‡ii MvQcvjv cwi‡e‡k ¸iæZ¡c~Y© f‚wgKv cvjb K‡i, †hgb- ZvcgvÎv wbqš¿Y, evqyi gvb Dbœqb Ges Kve©b 
msi¶Y| ZvB, eb e¨e ’̄vcbvi Rb¨ mwVKfv‡e Mv‡Qi cwigvY wba©viY Kiv Acwinvh©| Z‡e cÖPwjZ MvQ ZvwjKvfzw³i c×wZ 
†hgb- Rwic mgqmv‡c¶ I kÖgmv‡c¶ Ges we‡kl K‡i e„nr kni GjvKvq ÎæwUi m¤¢vebv †ewk _v‡K| G M‡elYvwU‡Z UAV 
cø¨vUdg©, RGB †mÝi, wPÎ we‡kølY †KŠkj Ges †gwkb jvwb©s c×wZ AšÍf©y³ Kiv n‡q‡Q| djvdj we‡køl‡Y †`Lv hvq, 
Kbfjy¨kbvj wbDivj †bUIqvK© (CNN) Ges gv¯‹ R-CNN Gi g‡Zv wWc-jvwb©s c×wZ¸‡jv MvQ kbv³Ki‡Y cÖPwjZ 
c×wZi Zzjbvq AwaK wbfz©j, †hLv‡b wbfz©jZvi nvi 90% Gi †P‡qI †ewk| GB M‡elYvi D‡Ïk¨ n‡jv cÖKvwkZ cÖeÜ 
ch©v‡jvPbv †_‡K UAV- wfwËK kû‡i e„¶ cwigvY wba©vi‡Yi AvaywbK c×wZ I cÖhyw³¸‡jvi we‡kølY| †hLv‡b we‡klfv‡e 
RGB wPÎMÖnY e¨e¯’vi f‚wgKv Av‡jvwPZ n‡q‡Q| cÖavb j¶¨¸‡jvi g‡a¨ i‡q‡Q MvQ kbv³KiY I †kÖwYweb¨vm A¨vjMwi`‡gi 
wbf©yjZv g~j¨vqb, cÖhyw³MZ I e¨envwiK P¨v‡jÄ wba©viY, Ges fwel¨r M‡elYvi m¤¢ve¨ w`K wPwýZ Kiv| GB M‡elYv- 
fwel¨r M‡elYvq kû‡i eb e¨e ’̄vcbvq UAV cÖhyw³i e¨envi‡K AviI mg„× Kivi wfwË wn‡m‡e KvR Ki‡e| 

g~jkã: K¨v‡bvwc, UAV, RGB, †gwkb jvwb©s, CNN, kû‡i e„¶ 

f‚wgKv 

kn‡ii MvQcvjv bMi cwi‡ek Dbœq‡b ¸iæZ¡c~Y© f‚wgKv cvjb 
K‡i| G¸‡jv ZvcgvÎv wbqš¿Y, evqyi gvb Dbœqb, Kve©b 
msi¶Y Ges bv›`wbK †mŠ›`‡h©i g‡Zv ¸iæZ¡c~Y© cwi‡ekMZ 
†mev cÖ`vb K‡i| cvkvcvwk, kn‡ii MvQcvjv gvby‡li gvbwmK 
I kvixwiK my¯’Zvq BwZevPK cÖfve †d‡j, †hgb- gvbwmK Pvc 
Kgv‡bv, gvbwmK ¯^v¯’¨ Dbœqb Ges kvixwiK mwµqZv evov‡bv 
Hassaan et al., (2016); Kestur et al., (2018)| kû‡i eb 
e¨e¯’vcbv, bxwZwba©viY Ges cwi‡ek cwiKíbvi Rb¨ kn‡ii 
MvQcvjvi mwVK cwigvY wba©viY I ch©‡e¶Y Acwinvh©| Z‡e 
cÖPwjZ MvQ ZvwjKvfzw³i c×wZ, †hgb- gvbewK Rwic, 
mgqmv‡c¶, kÖgwbf©i Ges e„nr kni GjvKvq ev¯Íevq‡bi 
†¶‡Î cÖvqkB AcÖ‡qvM‡hvM¨| Gme c×wZ‡Z gbyl¨ m„ó ÎæwUi 
m¤¢vebv _v‡K Ges cÖ‡qvRbxq ¯’vwbK †iRjy¨k‡bi 
(resolution) Afv‡ei Kvi‡Y wek` we‡køl‡Yi Rb¨ ch©vß Z_¨ 
mieivn Kiv m¤¢e nq bv Akca & Polat, (2022); Hassaan 

et al., (2016); Kestur et al., (2018)| Unmaned Aerial 

Vechile (UAV) cÖhyw³i D™¢e Ges G‡Z mshy³ Red, 

Green, Blue (RGB) K¨v‡giv Øviv wPÎMÖnY e¨e¯’v kn‡ii 
MvQcvjv ZvwjKvfzw³ I ch©‡e¶‡Yi †¶‡Î wecøe NwU‡q‡Q| 
Unmaned Aerial Vechile (UAV) Zzjbvg~jKfv‡e Kg 
Li‡P, Ges Kvh©Ki Dcv‡q D”P-‡iRjy¨k‡bi wi‡gvU †mwÝs 

Z_¨ msMÖ‡ni my‡hvM ˆZwi K‡i‡Q, hv kû‡i eb e¨e¯’vcbvi 
Rb¨ we Í̄i we‡køl‡Yi myweav †`q Hassaan et al., (2016)| 

UAV- cÖhyw³ GLb eb ZvwjKvfzw³i Rb¨ GKwU e¨envwiK 
mgvavb wn‡m‡e M„nxZ n‡q‡Q, hv MvQ kbv³KiY, †kÖwYweb¨vm 
Ges ¯^v¯’¨ ch©‡e¶‡Yi Rb¨ wbfz©j I mg‡qvc‡hvMx Z_¨ cÖ`vb 
K‡i| d‡UvMÖv‡gwUª I †gwkb jvwb©s g‡Zv DbœZ wPÎ we‡kølY 
cÖhyw³i mshyw³ UAV-wfwËK kû‡i MvQ cwigvY wba©vi‡Yi 
m¶gZv AviI e„w× K‡i‡Q Akca & Polat, (2022); 

Haddadi et al., (2020)| UAV-wfwËK RGB wPÎvqb e¨e¯’v 
kû‡i e„¶ cwigvY wba©vi‡Y bZzb m¤¢vebv ˆZwi Ki‡jI, eû 
‡mÝi mgš̂q, Zvr¶wYK Z_¨ we‡kølY Ges DbœZ A¨vjMwi`g 
weKv‡ki gva¨‡g we`¨gvb mxgve×Zv¸‡jv AwZµg Kiv 
cÖ‡qvRb|  

GB M‡elYvwU g~jZ cÖKvwkZ cÖeÜ ch©v‡jvPbv, †hLv‡b UAV 
cÖhyw³i gva¨‡g RGB K¨v‡givi mvnvh¨ kni GjvKvq Mv‡Qi 
msL¨v Ges K¨v‡bvwc wba©viY wKfv‡e Kiv n‡q‡Q Zv wek`fv‡e 
Av‡jvPbv Kiv n‡q‡Q| GB m¤úwK©Z ¸Mj ¯‹jv‡i (Google 

Scholar) QqwU cÖvß M‡elYv we‡kølY Kiv n‡q‡Q| 

GB M‡elYv UAV- wfwËK kû‡i e„¶ cwigvY wba©vi‡Y e¨eüZ 
AvaywbK c×wZ I cÖhyw³i GKwU we¯Í„Z we‡kølY cÖ`vb Kivi 
j¶¨ wb‡q cwiPvwjZ n‡q‡Q, †hLv‡b we‡klfv‡e RGB 
wPÎMÖnY e¨e¯’vi f‚wgKv Av‡jvwPZ n‡q‡Q| GB M‡elYvi wbw ©̀ó 
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D‡Ïk¨¸‡jv n‡jv: 

1. kû‡i e„¶ cwigvY wba©vi‡Y UAV- wfwËK RGB 
wPÎvq‡bi eZ©gvb c×wZMZ KvVv‡gv we‡kølY Kiv, hvi 
g‡a¨ Z_¨ msMÖn, wPÎ cÖwµqvKiY Ges MvQ kbv³KiY 
†KŠkj AšÍf‚©³; 

2. wewfbœ kbv³KiY I †kÖwYweb¨vm A¨vjMwi`‡gi wbfz©jZv 
I wbf©i‡hvM¨Zv g~j¨vqb Kiv, hvi g‡a¨ cÖPwjZ wPÎ 
we‡kølY c×wZ, †gwkb jvwb©s c×wZ Ges nvBweªW †KŠkj 
AšÍfz©³; 

3. kû‡i cwi‡e‡k UAV e¨env‡ii e¨envwiK P¨v‡jÄ I 
mxgve×Zv¸‡jv g~j¨vqb Kiv, †hLv‡b cÖhyw³MZ, 
Kvh©KvwiZv m¤úwK©Z Ges c×wZMZ mxgve×Zv we‡ePbv 
Kiv; 

4. e¨envwiK cÖ‡qv‡Mi w`K- M‡elYvi k~b¨¯’vb, cÖhyw³MZ 
Dbœqb, A¨vjMwi`wgK weKvk Ges fwel¨r w`K wba©viY 
Kiv| 

BD.G.wf. (UAV) cø¨vUdg© I Zvi c×wZ 

AvaywbK f~-Z_¨ msMªn I we‡køl‡Yi †¶‡Î Unmanned 

Aerial Vehicle (UAV) GKwU কার্যকর I D`xqgvb cªhyw³ 

wn‡m‡e ¸iæZ¡c~Y© f~wgKv cvjb Ki‡Q| UAV cø¨vUd‡g© 

mvaviYZ nvjKv I wbqš¿Y‡hvM¨ †Wªvb e¨envi Kiv nq, hvi 

m‡½ D”P †i‡RvwjDk‡bi K¨v‡giv mshy³ _v‡K| wbf©yj wPÎ 
msMª‡ni Rb¨ †Wªvb wbw`©ó DÇqb D”PZv (mvaviYZ 50-120 
wgUvi) eRvq †i‡L wgkb cwiPvjbv K‡i| Z_¨ msMª‡n পর্যাপ্ত 

†dviIqvW© I mvBW Ifvij¨vc (cªvq 70-80%) wbwðZ Kiv 

nq, hv‡Z cieZ©x‡Z †dv‡UvMªv‡gwUªK we‡køl‡Yi gva¨‡g 

A‡_©vd‡Uv cª¯ÍyZ Kiv m¤¢e nq| DÇqb c_ (flight path) 

(wPÎ 1) cwiKíbvq †Wªv‡bi MwZ, K¨v‡giv †KvY, w÷ª‡ci w`K 

I ̂ `N ©̈ AZ¨šÍ ̧ iæZ¡ mnKv‡i wba©viY Kiv nq, hv‡Z j¶¨f~wgi 
c~Y©v½ I D”P ¸Ygv‡bi wPÎ Kvfv‡iR wbwðZ nq| প্রাপ্ত  

গবেষণাসমূবের উড্ডয়ন পররমাপক সংরিষ্ট তারিকা 

রনবে দেয়া েবিাোঃ 

 

mviYx 1:  M‡elYvi DÇqb cwigvcK ZvwjKv 

cÖeÜ 
BDGwf (UAV) 

Gi aiY 
K¨v‡giv DÇqb D”PZv Ifvij¨vc e¨eüZ Qwe msL¨v 

Hassaan et al., 

(2016) 
gvwë-†ivUi AviwRwe (RGB) 100 wgUvi, 150 

wgUvi 
- 

150, 170, 220wU 
Qwe (wfbœ ¯’v‡b) 

Ataş & Talay, 

(2022) 

wW.‡R.AvB d¨v›Ug 
4 †cÖv 

AviwRwe (RGB) 50 wgUvi 20% 250wU Qwe 

Haddadi et al., 

(2020) 
Kv÷g BDGwf 

gvBKv †mÝ (5 
e¨vÛ) 

100 wgUvi 70% 
870wU Qwe (174 
†mU, 5 e¨vÛ) 

Han et al., 

(2022) 

G‡¤^‡WW 
wm‡÷ghy³ 
(UAV) 

AviwRwe (RGB) 20-30 wgUvi 80% 190wU Qwe 

Akca & Polat, 

(2022) 

wW.‡R.AvB 
g¨vwfK 2 †cÖv 

AviwRwe (RGB) 60 wgUvi 80% 190wU Qwe  

(-) M‡elYv cÖe‡Ü D‡jøL †bB 

       wPÎ 1: DÇqb c_ [Drm: M‡elK,2024] 
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wPÎ cÖwµqvKiY (Image processing) I we‡kølY c×wZ  

রেত্র প্ররিযাকরণ ও রেবিষণ পদ্ধরত ভূ-তথ্য রেবিষণ ও 

পররবেশগত গবেষণায একটি গুরুত্বপূণ ণ উপাোন রেবসবে 

রেবেরেত। সংগ্রেীত রেত্র প্ররিয়াকরণ ও রেবিষবনর রেরিন্ন 

পদ্ধরত রবয়বে। পদ্ধরত গুবিা েবিা- 

wPÎ ms‡kvab I Dbœqb 
†KvqvW †ivUv‡ii K¨v‡givi Øviv aviY Kiv wPÎ¸‡jvi cÖvqkB 
e¨v‡ij weK…wZ (barrel distortion) N‡U, hvi d‡j †m¸‡jv 
euvKv †`Lvq| GwU mwVK Kivi Rb¨, wPÎ ms‡kvab (image 

rectification) c×wZ cÖ‡qvM Kiv nq hv wPÎ¸‡jv‡K †mvRv 
K‡i †Zv‡j| GB cÖwµqv ïiæ nq K¨v‡givi AšÍwb©wnZ civwgwZ 
(intrinsic parameters) wba©vi‡Yi gva¨‡g, hv MATLAB-
G †PKvi‡evW© wPÎ e¨envi K‡i Kiv nq, hv weK…wZ ms‡kva‡bi 
Rb¨ cÖ‡qvRbxq K¨vwj‡eªkb Z_¨ †ei Ki‡Z mvnvh¨ K‡i| Z‡e 
ms‡kvab Kivi ciI, Av‡jv Ges AvenvIqvi Kvi‡Y i‡Oi 
Awgj n‡Z cv‡i| GB mgm¨vwU mgvavb Ki‡Z, i‡Oi m¤ú„w³ 
(color saturation) mvgÄm¨ Kiv nq hv‡Z wewfbœ mey‡Ri 
†kW¸‡jvi cv_©K¨ ¯úó nq Ges AviI fv‡jv djvdj cvIqv 
hvq (wPÎ-2)| P‚ovšÍ dj¯̂iƒc, GKwU mwVK wPÎ cvIqv hvq, 
hv cieZ©x we‡kølY Ges wefvR‡bi Rb¨ Dchy³ Hassaan et 

al., (2016)| 

A‡_©vd‡Uv †gvRvBwKs (Orthophoto Mosaicking) 

A‡_©vd‡Uv †gvRvBwKs nj UAV-‡_‡K cÖvß wPÎ¸‡jv‡K GKwU 
mwVK gvbwP‡Î GKwÎZ Kivi cÖwµqv, †hLv‡b cÖwZwU wPÎ 
R¨vwgwZKfv‡e ms‡kvwaZ nq| GB M‡elYvq, Adobe 

Photoshop Ges Pix4D mdUIq¨vi e¨envi Kiv n‡q‡Q 
GKwU mwVK A‡_©vd‡Uv ˆZwi Ki‡Z, hvi g‡a¨ 30% ci¯úi 
Ifvij¨vc i‡q‡Q (wPÎ-9)| Pix4D mdUIq¨vi mgZj 
GjvKvq D”PZi wbfz©jZv wbwðZ K‡i‡Q Ges 100 wgUvi d¬vBU 
D”PZvi Kvi‡Y weK…wZ wQj LyeB Kg| Open Cezeri Library 

(OCL) wPÎ cÖwµqvKi‡Yi Rb¨ Kvh©Ki cø¨vUdg© wn‡m‡e KvR 
K‡i‡Q, Ges GKwU gvwë-†_ª‡WW A¨vwcø‡Kkb e¨envi K‡i 
D”P †iRjy¨kb wPÎ¸‡jv we‡kølY Kiv n‡q‡Q, hv wc‡·j 
Nb‡Z¡i wfwË‡Z Mv‡Qi msL¨v wba©viY Ki‡Z mnvqK n‡q‡Q| 
GQvovI, Dw™¢` m~PK (vegetation index) Ges †U·Pvivj 
wPÎ ˆZwi Kiv n‡q‡Q cieZ©x we‡køl‡Yi Rb¨ Ataş & Talay, 

(2022); Boon et al., (2016); Haddadi et al., (2020); 

Han et al., (2022) 

†gk cÖ¯‘ZKiY (Mash Generation) 

wPÎ cÖwµqvKi‡Y †gk †Rbv‡ikb ej‡Z Ggb GKwU R¨vwgwZK 
KvVv‡gv ˆZwi Kiv nq, †hLv‡b wewfbœ c‡q›U (†fi‡U·), cÖvšÍ 
Ges c„ômg~‡ni ms‡hvM NwU‡q GKwU e ‘̄i c„ôZj 2D ev 3D 
¯’vbxq R¨vwgwZ wn‡m‡e Dc¯’vcb Kiv nq| Nb c‡q›U K¬vDW 
†_‡K Delaunay Uªvqv½y‡jkb c×wZi gva¨‡g 3D †gk g‡Wj 
ˆZwi Kiv nq (wPÎ-3)| wÎfzRvKvi †gkwU‡K cieZ©x‡Z gm„Y 
Kiv nq, hv‡Z Mv‡Qi Dc‡ii MVb ̄ ^vfvweK I Pvÿzlfv‡e †`Lv 
hvq Kestur et al., (2018)| 
 

wWwRUvj mvi‡dm g‡Wwjs (DSM) 

wWwRUvj mvi‡dm g‡Wj (DSM) c„w_exi c„‡ôi D”PZv 
Dc¯’vcb K‡i, †hLv‡b MvQ, feb Ges Ab¨vb¨ AeKvVv‡gvmn 
mg¯Í cÖvK…wZK Ges gvbem„ó e ‘̄i AšÍfz©³ _v‡K| GB wWwRUvj 

wPÎ 3: 3D Mesh. [Drm: M‡elK, 2024] 

wPÎ 2: ms‡kvwaZ Ges DbœZ RGB wPÎ 
[Drm: Hassaan et al., (2016)] 
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mvi‡dm g‡Wj (DSM) Nb c‡q›U K¬vDW †_‡K D”PZv gv‡bi 
B›Uvi‡cv‡jkb (interpolation) K‡i M‡elYv GjvKvi Dci 
wfwË K‡i ˆZwi Kiv n‡q‡Q| mwVKZv evov‡bvi Rb¨, UAV-
Gi MwZi Kvi‡Y m„ó D”PZv m¤úwK©Z A¯̂vfvweK gvb (outlier 

values) ~̀i Kivi Rb¨ GKwU †gডিqvb wdëvi (median 

filter) cÖ‡qvM Kiv n‡q‡Q Ataş & Talay, (2022)| 

e„¶ mbv³KiY c×wZ 

e„¶ kbv³KiY c×wZ GKwU ¸iæZ¡c~Y© cªhyw³MZ cªwµqv, hvi 
gva¨‡g wbw ©̀ó GjvKvi e„¶ cªRvwZ I Zv‡`i ˆewkó¨ wba©viY 
Kiv m¤¢e| G c×wZ‡Z mvaviYZ wi‡gvU †mwÝs, wPÎ 
cÖwµqvKiY I †gwkb jvwb©s cªhyw³ e¨envi K‡i Z_¨ msMªn I 
we‡kølY Kiv nq| 

cÖPwjZ B‡gR cÖwµqvKiY c×wZ  
বৃক্ষ শনাক্তকরবণ প্রেরিত ইবমজ প্ররিযাকরণ পদ্ধরত একটি 

গুরুত্বপূণ ণ ভূরমকা পািন কবর, রেবশষ কবর রেবত্রর রঙ, দেক্সোর 

ও আকাবরর রিরিবত গাে পৃথকীকরবণ। এসে পদ্ধরত স্বল্প 

জটিিতা ও সেজ োস্তোযবনর কারবণ প্রাথরমক রেবিষবণ 

ব্যাপকিাবে ব্যেহৃত েয। প্রেরিত ইবমজ প্ররিযাকরণ পদ্ধরত 

গুবিা েবিা- 

is wfwËK wefvRb  

†hme GjvKvq Mv‡Qi msL¨v Kg, †mLv‡b MvQ MYbvi Rb¨ 
Kvjvi †_ªWk‡nvwìs c×wZ e¨envi Kiv nq, hv Qwe¸wj‡K 
GKwU we‡kl i‡Oi Avuav‡i cwieZ©b K‡i| GwU iO¸wj‡K 

wewfbœ ¯Í‡i wef³ Ki‡Z mnvqZv K‡i| GB c×wZ ¯Íi¸wj‡Z 
_vKv i‡Oi wek` Z_¨ we‡køl‡Yi Rb¨ e¨eüZ nq| Gici,  
k-means K¬v÷vwis c×wZ e¨envi K‡i Qwei meyR AÂj Lyu‡R 
†ei Kiv nq Ges c„_K Kiv nq (wPÎ 11), hv‡Z AwZwi³ 
b‡qR QvovB MvQ¸‡jv mn‡R wPwýZ Kiv hvq Hassaan et al., 

(2016); Moranduzzo & Melgani, (2014); Wang et al., 

(2019)| 

†U·Pvi (Texture) we‡kølY 

†U·Pvi we‡kølY MvQ MYbvq mnvqZv K‡i| GwU wc‡·‡ji 
msL¨vi Nb‡Z¡i ̄ ’vwbK cwieZ©‡bi Dci wfwË K‡i MvQ‡K Nvm, 
Ab¨vb¨ Dw™¢` †_‡K Avjv`v K‡i| GKwU †MÖ-†j‡fj †Kv-
A°v‡iÝ g¨vwUª· (GLCM) wbw`©ó `~i‡Z¡ _vKv wc‡·j¸‡jvi 
cvi¯úwiK m¤úK© we‡kølY K‡i †U·Pvi wba©viY K‡i| GbUªwc, 
n‡jv †MÖ-‡j‡fj eÈ‡bi i¨vÛg‡b‡mi GKwU cwigvc|GwU 
†U·Pv‡ii RwUjZv wba©vi‡Y mnvqZv K‡i Ges e„¶‡K B‡g‡Ri 
e¨vKMÖvD‡Ûi Ab¨vb¨ Dcv`vb †_‡K Kvh©Kifv‡e c„_K Ki‡Z 
mvnvh¨ K‡i Hassaan et al., (2016); Jain et al. (1995)| 

Entropy = −ΣiΣjP [I, j]logP [I,j] 

cÖvšÍ mbv³KiY (Edge Detection) 

e„‡¶i P‚ovi mxgvbv mbv³ Ki‡Z cÖPwjZ cÖvšÍ mbv³KiY 
(edge detection) c×wZ e¨envi Kiv nq| GB c×wZ 
wc‡·‡ji msL¨vi NbZ¡ Gi (pixel intensity) ¸iæZ¡c~Y© 
cwieZ©b¸‡jv mbv³ K‡i P‚ov¸‡jvi cÖvšÍ wPwýZ K‡i (wPÎ- 
5)| Gici, †jvKvj bb-g¨vw·gvg mv‡cÖkb (local non-

maximum suppression) cÖ‡qvM K‡i  `ye©j cÖvšÍ¸‡jv 

wPÎ 5: wc‡·j-wfwËK LwÐZ wPÎ| 

[Drm: Ataş & Talay, (2022] 

wPÎ 4: Qwe‡Z K-means K¬v÷vwis cÖ‡qvM Kivi ci 
[Drm: Hassaan et al., (2016)] 
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cwigvR©b K‡i Ges ïaygvÎ ̧ iæZ¡c~Y© cÖvšÍ¸wj‡K msi¶Y K‡i, 
hv‡Z cÖvšÍ¸wj AviI cwi®‹vi nq| Gic‡i, gi‡dvjwRK¨vj 
UªvÝdi‡gkb (morphological transformations) †hgb 
WvB‡jkb (dilation) Ges B‡ivkb (erosion) e¨envi K‡i 
mbv³K…Z mxgvbv¸‡jv‡K AviI DbœZ Kiv nq| GwU Mv‡Qi 
P‚ov¸‡jvi mwVK mxgv‡iLv wbwðZ K‡i Ges †h‡Kv‡bv 
wc‡·‡ji AcÖ‡qvRbxq Z_¨ (noise) ev AevwÃZ MVb¸‡jv 
Kwg‡q †`q| GB mgwš̂Z c×wZ Qwe‡Z Mv‡Qi P‚ov 
kbv³Ki‡Yi wbfz©jZv e„w× K‡i Akca & Polat, (2022); 

Bearman et al., (2015) 

†Ug‡cøU g¨vwPs (Template Maching) 

†Ug‡cøU g¨vwPs GKwU B‡gR cÖ‡mwms †KŠkj hv wbw`©ó wb`k©b 
ev e ‘̄‡K Lyu‡R †ei Kiv Ges Zyjbv Kivi Rb¨ e¨eüZ nq, 

†hLv‡b c~e©wba©vwiZ GKwU †Ug‡cøU B‡g‡Ri mv‡_ wgwj‡q †`Lv 
nq| GB c×wZ‡Z e„¶ mbv³Ki‡Yi Rb¨ NDVI 

(Normalized Difference Vegetation Index) Ges 
GbUªwc-wfwËK †_ªk‡nvì e¨envi Kiv nq (wPÎ 6)| MvQ¸‡jvi 
Rb¨ kZ©  NDVI > 0.4 Ges NDVI GbUªwc > 0.5| 
†h¸‡jvi NDVI gvb 0.05 Ges 0.4 -Gi g‡a¨ _v‡K, 
†m¸‡jv‡K NDVI f¨vwi‡qÝ †_ªk‡nvì (>0.2) Gi wfwË‡Z 
†kÖwYe× Kiv nq| mbv³K…Z MvQ¸‡jv gv‡Vi Z‡_¨i mv‡_ 
hvPvB Kiv nq, †hLv‡b †ewkifvM Mv‡Qi mvwi‡Z 93% Gi 
†ewk mwVK cvIqv hvq Haddadi et al., (2020)| 
 

IqvUvi‡kW †mM‡g‡›Ukb (Water Segmentation) 

IqvUvi‡kW †mM‡g‡›Ukb GKwU B‡gR cÖ‡mwms †KŠkj hv 
Ifvij¨vc Kiv e ‘̄¸‡jv‡K c„_K Kivi Rb¨ e¨eüZ nq| GB 
c×wZ‡Z, B‡gRwU‡K GKwU U‡cvMÖvwdK c„ô wn‡m‡e we‡ePbv 

Kiv nq, †hLv‡b cÖwZwU wc‡·‡ji ঘনত্বের D”PZvi cÖwZwbwaZ¡ 

K‡i| GLv‡b A¨vj‡Mvwi`gwU ¯’vbxq me©wbgœ gvb (local 

minima) †_‡K cvwb cÖev‡ni wmgy‡jwUs K‡i IqvUvi‡kW 
jvBb (mxgvbv) wba©viY K‡i, hv Kvh©Kifv‡e AÂj¸wj‡K 
wef³ K‡i| †h‡nZz UAV B‡gR¸‡jv Ifvij¨vc Kiv e„‡¶i 
P‚ov aviY K‡i, ZvB cÖ_‡g Ae‡R‡±i †K› ª̀‡K nvBjvBU 
Ki‡Z wW÷¨vÝ UªvÝdg© cÖ‡qvM Kiv nq| Gici, IqvUvi‡kW 
†mM‡g‡›Ukb e¨envi K‡i Avjv`v e„‡¶i P‚ov wba©viY Kiv nq, 
†hLv‡b ZxeªZvi cv_©‡K¨i wfwË‡Z mxgvbv wba©viY Kiv nq| 
GB c×wZ mdjfv‡e Mv‡Qi P‚ov wPwýZ K‡i Ges mwVKfv‡e 
MvQ MYbv Ki‡Z mnvqZv K‡i Kestur et al., (2018)|(Jing 

et al., 2012) 

†gwkb jvwb©s c×wZ (Machine Larning) 

মানেরেেীন উব াজাোজ (UAV) প্রযুরক্ত েন ব্যেস্থাপনা ও 

পররবেশ পর্ ণবেক্ষবণ গুরুত্বপূণ ণ ভূরমকা রাখবে। UAV রেত্র 

দথবক বৃক্ষ মুকুে সনাক্তকরবণ প্রেরিত পদ্ধরতর সীমােদ্ধতা 

কাোবত রিপ িারন ণং মবিি দর্মন CNN, R-CNN ও U-Net 
ব্যেহৃত েবে, র্া সঠিক দসগবমবেশন ও দেণীরেন্যাবস কার্ ণকর 

সমাধান প্রোন কবর। 

 Kbfjy¨kbvj wbDivj †bUIqvK© (CNN) 

Kbfjy¨kbvj wbDivj †bUIqvK© (CNN) GKwU wWc-jvwb©s 
(Deep Learning) g‡Wj hv wPÎ cÖwµqvKiY Ges c¨vUvb© 
mbv³Ki‡Yi Rb¨ e¨eüZ nq| UAV B‡gR we‡køl‡Yi Rb¨ 
CNN-wfwËK ˆewkó¨ wbY©‡qi c×wZ e¨envi Kiv nq| GKwU 
Mfxi CNN g‡Wj ˆZix Kiv nq, hv‡Z GwU e„¶ Ges Ab¨ 
e Í̄yi g‡a¨ cv_©K¨ Ki‡Z cv‡i Ges  B‡g‡Ri RwUj c¨vUvb© 
Lyu‡R †ei K‡i| GB c×wZ‡Z †kÖwYweb¨v‡mi A¨vKz‡iwm  
D‡jøL‡hvM¨fv‡e †e‡o hvq, hv mwVKfv‡e e„‡¶i P‚ov kbv³ 
Ki‡Z mvnvh¨ K‡i Ges Ab¨vb¨ j¨vÛ‡¯‹c Dcv`v‡bi mv‡_ 
weåvwšÍ Kgvq Kestur et al., (2018)| 

wPÎ 6: NDVI GbUªwc Qwe 
[Drm: Haddadi et al., (2020)] 
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AÂj wfwËK- CNN (R-CNN) I gv¯‹ R-CNN 

AÂj -wfwËK Kbfjy¨kbvj wbDivj †bUIqvK© (R-CNN) 
Ae‡R± mbv³KiY Ges wefvR‡bi Rb¨ wWRvBb Kiv GKwU 
wWc jvwb©s g‡Wj| GwU e¯Íyi m¤¢ve¨ AÂj kbv³ K‡i Ges 
CNN e¨envi K‡i †m¸wj †kÖYxe× K‡i| Gi DbœZ ms¯‹iY 
†hgb Faster R-CNN wdPvi g¨vc †_‡K mivmwi wiwRIb 
cÖ‡cvRvj Av‡iv `¶fv‡e ˆZix K‡i, Ab¨w`‡K Mask R-

CNN e„¶ mbv³Ki‡Yi Rb¨ Faster R-CNN-†K AviI 
evwo‡q cÖwZwU mbv³K…Z e Í̄yi Rb¨ wc‡·j-wfwËK wefvRb 
gvbwPÎ (segmentation mask) hy³ K‡i| Faster R-CNN 

UAV B‡g‡R MvQ mbv³Ki‡Yi Rb¨ e¨envi Kiv nq, hv 
cÖ_‡g m¤¢ve¨ Ae‡R± AÂj (Region Proposal) ˆZwi K‡i 

Ges MvQ ebvg AMvQv wn‡m‡e †kÖwYe× K‡i| Gici, Mask 

R-CNN Bb÷¨vÝ wefvwRZ K‡i, hv‡Z cÖwZwU MvQ mwVKfv‡e 
mxgv‡iLvmn kbv³ Kiv hvq| GB c×wZ MvQ mbv³Ki‡Yi 
wbfz©jZv D‡jøL‡hvM¨fv‡e e„w× K‡i Ges c„_K MvQ‡K Zvi 
Pvicvk †_‡K Avjv`v Ki‡Z mnvqZv K‡i Akca & Polat, 

(2022); Han et al., (2022)| 

BD-‡bU (U-Net) c×wZ 

U-Net nj GKwU wWc jvwb©s g‡Wj hv wmgvw›UK wefvR‡bi 
Rb¨ wWRvBb Kiv n‡q‡Q, A_©vr GwU B‡g‡Ri cÖwZwU 
wc‡·j‡K GKwU wbw`©ó †kÖwY‡Z web¨v¯Í K‡i| GB c×wZ 
Gb‡KvWvi-wW‡KvWvi AvwK©‡U·vi AbymiY K‡i| Gb‡KvWvi 

(Ancoder) Kbfjy¨kbvj †jqvi e¨envi K‡i ˆewkó¨ wb®‹vkb 
K‡i Ges ’̄vwbK gvÎv (spatial dimensions) n«vm K‡i| 
wW‡KvWvi (Decoder) Avcm¨v¤úwjs (upsampling) Ges 
w¯‹c ms‡hvM (skip connections) e¨envi K‡i ¯’vwbK Z_¨ 
cybiæ×vi K‡i Ges wefvRb cwigvR©b K‡i|UAV-wfwËK MvQ 
mbv³Ki‡Y, U-Net D”P wbfz©jZvq Gwiqvj wPÎ †_‡K e„‡¶i 
P‚ov wefvR‡bi Rb¨ †UªBbW Kiv nq| cÖwµqvwU ïiæ nq †WUv 
BbcyU K‡i, †hLv‡b NDVI ev RGB e¨vÛ UAV B‡gR 
g‡W‡j mieivn Kiv nq| Gici wdPvi G·UªvKkb ch©v‡q, 
Gb‡KvWvi wPÎ we‡kølY K‡i, wb`k©b wPwýZ K‡i Ges 
¸iæZ¡c~Y© ˆewkó¨¸wj †ei K‡i| wefvRb ch©v‡q, wW‡KvWvi  
e„‡¶i P‚ov cybM©Vb K‡i, wbwðZ K‡i †h mxgvbv¸wj ¯úófv‡e 
msÁvwqZ n‡q‡Q| me©‡k‡l, NDVI †¯úKUªvj ˆewkó¨ mshy³ 

K‡i cwi‡kvab (refinement) Kiv nq, hv Mv‡Qi †kÖYxweb¨vm 
DbœZ K‡i Ges MvQ I Ab¨vb¨ j¨vÛ‡¯‹c Dcv`v‡bi g‡a¨ 
cv_©K¨ Kivi ¶gZv evovq Han et al., (2022)| 

nvBweªW c×wZ 

বৃক্ষ শনাক্তকরবণ োইরিি পদ্ধরত েবিা একটি উন্নত প্রযুরক্ত, র্া 

রেরিন্ন আিবগাররেম ও দকৌশি একবত্র ব্যেোর কবর সঠিকিাবে 

গাবের প্রজারত রনধ ণারণ কবর। এই পদ্ধরতবত সাধারণত রেত্র 

রেবিষণ, দমরশন িারন ণং ও গিীর রশক্ষণ প্রযুরক্তর সমন্বয় ঘবে। 

 

wPÎ 7: GB M‡elYvc‡Î Dc ’̄vwcZ A¨vjMwi`gwU GKwU mgwš̂Z `„wó KvVv‡gv, hvi g‡a¨ i‡q‡Q "real time Stitching" Ges " ª̀æZ MvQ 

MYbv" gwWDj| GB KvVv‡gvwU mn‡RB UAV Gi Rb¨ Gg‡e‡WW wm‡÷‡g cÖ‡qvM Kiv †h‡Z cv‡i; GwU UAV AbjvBb wRIidv‡iÝhy³ 

e„nr-‡¯‹j †jv-Ifvij¨vc Gwiqvj B‡gR ‰Zix Ges ª̀æZ MvQ MYbvi KvR¸wj‡K mg_©b K‡i, hv Kv‡Ri `¶Zv e¨vcKfv‡e DbœZ Ki‡Z 
cv‡i| (Drm: (Han et al., 2022) 
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UªvwWkbvj I †gwkb jvwb©s c×wZi mswgkÖY 

wKQy M‡elYvq nvBweªW c×wZ e¨envi Kiv n‡q‡Q, †hLv‡b 
HwZn¨evnx wefvRb (segmentation) †KŠkj¸‡jvi mv‡_ 
wWc-jvwb©s †kÖYxweb¨vm (deep learning-based 

classification) GKwÎZ Kiv n‡q‡Q| GKwU M‡elYvq, 
IqvUvi‡kW wefvRb (watershed segmentation) e¨envi 
Kiv n‡q‡Q e„‡¶i P‚ov DbœZ Ki‡Z, Gici CNN g‡Wj 
e¨envi K‡i †kÖYxweb¨vm Kiv n‡q‡Q, hv e„¶ kbv³Ki‡Yi 
wbfz©jZv e„w× K‡i‡Q| Ab¨ GKwU M‡elYvq, Mask R-CNN 
wefvR‡bi Rb¨ e¨eüZ n‡q‡Q, cvkvcvwk cÖvšÍ mbv³KiY 
(edge detection) GKxf‚Z Kiv n‡q‡Q Mv‡Qi mxgvbv DbœZ 
Ki‡Z| GB mswgwkÖZ c×wZ UªvwWkbvj wdPvi G·UªvKkb 
(feature extraction) Ges wWc-jvwb©s‡K GKwÎZ K‡i 
wefvR‡bi wbfz©jZv e„w× K‡i‡Q Kestur et al., (2018) | 

gvwë-‡mÝi ms‡hvRb c×wZ 

e Í̄y kbv³Ki‡Yi Rb¨ YOLO Ges Faster R-CNN †K 
GKwÎZ K‡i Ges U-Net e¨envi K‡i wefvRb m¤úv`b 
K‡i, hv `ªæZ e„¶ kbv³KiY wbwðZ Kivi cvkvcvwk Mv‡Qi 
P‚ov mxgvbvi DbœwZ NUvq| GB msKi c×wZwU MwZ Ges 
wefvR‡bi wbfz©jZv DfqB n«vm K‡i Han et al., (2022)| 
Av‡iKwU M‡elYv Mv‡Qi P‚ov kbv³ Ki‡Z GbUªwc wdëvwis 
cÖ‡qvM K‡i, Zvici NDVI- wfwËK wWc jvwb©s †kÖYxwefvRb  

e¨envi K‡i| †¯úKUªvj we‡køl‡Yi mv‡_ CNN-wfwËK 
cÖRvwZ cv_©K¨Ki‡Yi mgš̂‡qi gva¨‡g, GB c×wZwU MvQ 
MYbvi wbfz©jZv Kgvq Haddadi et al., (2020)| 

wdPvi G·UªvKkb 

Mv‡Qi D”PZv I চূড়ার e¨vmva© wbY©‡qi Rb¨ Depth g¨vc Ges 
3D cybM©Vb †KŠkj e¨envi Kiv nq Ges wWwRUvj mvi‡dm 
g‡Wj (DSM) †K wWwRUvj †U‡iBb g‡Wj (DTM) Gi mv‡_ 
Zyjbv K‡i Mv‡Qi D”PZv wbY©q Kiv nq| Mv‡Qi D”PZv wbY©‡qi 
m~Î Kestur et al., (2018): 

Ht= DSM-DTM 

K¨v‡bvwc Kfv‡iR 

M‡elYvcÎwU wi‡MÖkb g‡Wj e¨envi K‡i K¨v‡bvwc Kfv‡iR 
wbY©q K‡i|GB c×wZ‡Z cÖwZwU wc‡·‡ji Rb¨ wi‡MÖkb 
dvskb cÖ‡qvM K‡i K¨v‡bvwc Kfvi kZKiv wnmve Kiv nq 
cÖRvwZ †kÖYxweb¨vm c×wZ‡Z gvwë-†j‡ej †kÖYxweb¨vm 

†bUIqvK© GKwÎZ K‡i e„‡¶i cÖRvwZ mbv³ Kiv nq| GB 
†kÖYxweb¨vm g‡WjwU NDVI (Normalized Difference 

Vegetation Index) Ges EVI (Enhanced Vegetation 

Index) Gi g‡Zv †¯úKUªvj m~PK e¨envi K‡i| †kÖYxweb¨v†mi 
Rb¨ e¨eüZ NDVI m~Î Haddadi et al., (2020): 

wbfz©jZv g~j¨vqb I Zyjbvg~jK we‡kølY 

wbfz©jZv g~j¨vqb (Accuracy Assessment) 

wewfbœ c×wZ‡Z UAV-wfwËK bMi e„¶ mbv³KiY Ges 
†kÖwYweb¨v‡mi wbfz©jZv g~j¨vq‡bi Rb¨ wbgœwjwLZ m~PK¸‡jv 
e¨eüZ n‡q‡Q: 

Precision (h_vh_Zv): g‡W‡ji Øviv mbv³K…Z Mv‡Qi g‡a¨ 
cÖK…Z Mv‡Qi AbycvZ| 

Recall (cybiæ×vi nvi): cÖK…Z MvQ¸‡jvi g‡a¨ g‡Wj 
KZ¸‡jv mwVKfv‡e mbv³ K‡i‡Q| 

IoU (Intersection over Union): g‡Wj KZUv mwVKfv‡e 
GKwU Mv‡Qi ’̄vb I AvKvi wba©viY K‡i‡Q| 

F1 Score: Precision Ges Recall- Gi MvwYwZK Mo, hv 
g‡W‡ji mvgwMÖK Kvh©KvwiZv wb‡`©k K‡i| 

RMSE (Root Mean Square Error): D”PZvi cv_©K¨ 
wba©vi‡Yi Rb¨ e¨eüZ ÎæwU cwigvc| 

Average Accuracy: cÖwZwU c×wZi mvgwMÖK wbfz©jZv| 

wewfbœ MvQ MYbv c×wZi wbfz©jZv g~j¨vq‡bi msw¶ß weeiY 
mviwY-1 G Dc¯’vwcZ i‡q‡Q| g~j¨vqb m~PK¸‡jvi g‡a¨ i‡q‡Q 
h_vh_Zv (Precision), cybiæ×vi nvi (Recall), 
B›Uvi‡mKkb Ifvi BDwbqb (IoU), F1 †¯‹vi, g~j eM©g~j 
ÎæwU (RMSE) Ges Mo wbfz©jZv| duvKv ̄ ’vb¸‡jv wb‡`©k K‡i 
†h mswkøó M‡elYv cÖe‡Ü wbw`©ó m~PK¸‡jvi D‡jøL Kiv nqwb| 

Kg©¶gZvi Zyjbv 

we‡kølY Kiv c×wZ¸‡jvi g‡a¨ Point-Supervised 

Attention Tree Counting (PSATC) c×wZwU m‡e©v”P 
Kg©¶gZv cÖ`k©b K‡i‡Q, †hLv‡b h_vh_Zv (Precision) wQj 
96.85%, cybiæ×vi nvi (Recall) 97.65%, Ges F1 †¯‹vi 
97.25%| GwU MvQ mbv³Ki‡Y AZ¨šÍ wbf©i‡hvM¨, KviY 
G‡Z fzj BwZevPK (False Positive) I fzj †bwZevPK 
(False Negative) nvi Kg wQj| ZvQvov, g~j eM©g~j ÎæwU 
(RMSE) 3.217 nIqvq ÎæwUi nvi Zzjbvg~jKfv‡e Kg| 
Z‡e IoU (Intersection over Union) D‡jøL Kiv nqwb, hvi 
d‡j Gi wefvRb `¶Zv m¤ú‡K© ¯úó aviYv cvIqv hvq bv 
(Akca & Polat, 2022)| 
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Normalized Difference Vegetation Index (NDVI) 
c×wZwU D”P cybiæ×vi nvi (99.25%), IoU (89.8%), 
Ges F1 †¯‹vi (94.6%) AR©b K‡i‡Q, hvi d‡j mvgwMÖK 
wbfz©jZv ùvwo‡q‡Q 94.4%| GwU Dw™¢` kbv³Ki‡Y Kvh©Ki, 
Z‡e RwUj Mv‡Qi MVb mbv³Ki‡Y wKQy mxgve×Zv Av‡Q 
Haddadi et al., (2020)| 

Extreme Learning Machine (ELM) spectral-spatial 
c×wZwU 91.18% h_vh_Zv (Precision) Ges 76.46% IoU 
AR©b K‡i‡Q, hvi d‡j mvgwMÖK wbfz©jZv n‡q‡Q 86.32%| 
Z‡e, Gi cybiæ×vi nvi (Recall) Zzjbvg~jKfv‡e Kg 
(81.6%), hv Nb e„¶¸‡”Qi (Dense Tree Clusters) †¶‡Î 
ch©vß wefvR‡bi Bw½Z w`‡Z cv‡i bv Han et al., (2022)| 

Convolutional Neural Network (CNN)- wfwËK †mgvw›UK 
wefvRb c×wZwU kw³kvjx wefvRb cvidig¨vÝ †`wL‡q‡Q, 
†hLv‡b IoU 85.15% Ges F1 †¯‹vi 91.98%, hv Mv‡Qi 
mwVK †mM‡g‡›Uk‡bi Rb¨ Ab¨Zg wbf©i‡hvM¨ c×wZ wn‡m‡e 
we‡ewPZ n‡Z cv‡i Kestur et al., (2018)| 

Multi-Layer Perceptron (MLP) †kÖYxe×KiY c×wZwU 
RGB WvUv‡Z 88.9% F1 †¯‹vi Ges 88.89% Mo wbfz©jZv 

AR©b K‡i‡Q| Z‡e, IoU Ges RMSE gvb D‡jøL Kiv nqwb, 
hv Gi wefvRb wbf©i‡hvM¨Zv g~j¨vq‡bi †¶‡Î wKQy mxgve×Zv 
ˆZwi K‡i Ataş & Talay, (2022)| 

K-means Clustering + Entropy Filtering c×wZwU 
Zzjbvg~jKfv‡e wb¤œ Kg©¶gZv †`wL‡q‡Q, †hLv‡b IoU 
55.0% Ges F1 †¯‹vi 70.9% wQj, d‡j Gi mvgwMÖK 
wbfz©jZv 71.93% n‡q‡Q| GwU wb‡`©k K‡i †h HwZn¨MZ 
K¬v÷vwis c×wZ¸‡jv †gwkb jvwb©s I wWc-jvwb©s wfwËK 
c×wZi Zzjbvq Kg Kvh©Ki Hassaan et al., (2016)| 

ˆeaKiY (Validation) c×wZ 

GB M‡elYv¸‡jvi g‡a¨ e¨eüZ ˆeaKiY c×wZ¸‡jv †`Lvq †h 
ev¯Íe-mZ¨ (Ground Truth) Z_¨ msMÖ‡ni gva¨‡g 
ev¯ÍewfwËK ˆeaKiY (Empirical Validation) Kivi Ici 
†Rvi †`Iqv n‡q‡Q| GwU me‡P‡q wbf©i‡hvM¨ c×wZ wn‡m‡e 
we‡ewPZ nq, KviY GwU cÖK…Z I c~e©vfvmK…Z MvQ MYbvi g‡a¨ 
mivmwi Zzjbv Kivi my‡hvM †`q| GB Kvi‡YB mg Í̄ 
M‡elYvc‡Î GB c×wZwU mvaviYfv‡e e¨eüZ n‡q‡Q| Z‡e, 

wKQy M‡elYv µm-f¨vwj‡Wkb (Cross-Validation) I ¯^vaxb 
cix¶vg~jK †mU (Independent Test Set) e¨envi K‡i‡Q, 

mviwY 1:  QqwU M‡elYvi Mo wbfz©jZv MYbv 

c×wZ 
h_vh_Zv 

(Precision) 

cybiæ×vi 
nvi 

(Recall) 

IoU 
(Intersection 

over Union) 
F1 †¯‹vi 

RMSE 

(g~j eM©g~j 
ÎæwU) 

Mo 
wbfz©jZv 

(1) K-means K¬v÷vwis + 
GbUªwc wdëvwis c×wZ  

69.22% 72.9% 55.0% 70.9% - 71.93% 

(2) gvwë- †jqvi cvi‡mcUªb 
(MLP) †kªwYweb¨vmKvix 
RGB †Z  

- - - 88.9% - 88.89% 

(3) mvaviY cv_©K¨ Dw™¢` 
m~PK (NDVI)  

90.4% 99.25% 89.8% 94.6% - 94.4% 

(4) G·wUªg jvwb©s †gwkb 
(ELM) †¯úKUªvj- †¯úkvj 
c×wZ  

91.18% 81.6% 76.46% 85.3% - 86.32% 

(5) c‡q›U-mycvifvBRW 
A¨v‡Ubkb wUª KvDw›Us 
(PSATC) c×wZ  

96.85% 97.65% - 97.25 3.217 - 

(6) Kbfjy¨kbvj wbDivj 
†bUIqvK© (CNN)-wfwËK 
†mgvw›UK †mM‡g‡›Ukb c×wZ  

87.44% 97.02% 85.15% 91.98% - 88.28% 

(-) M‡elYv cÖe‡Ü D‡jøL †bB 
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hv A¨vjMwi`‡gi „̀pZv g~j¨vq‡b ¸iæZ¡c~Y© f‚wgKv cvjb K‡i 
Ataş & Talay, (2022); Kestur et al., (2018)| GQvov, 
we`¨gvb D™¢vebx Z‡_¨i (Existing Inventory Data) mv‡_ 
Zzjbv KivI GKwU Kvh©Ki g~j¨vqb †KŠkj, hv g‡W‡ji 
Kvh©KvwiZv hvPvB‡qi Rb¨ GKwU gvb`Ð cÖ`vb K‡i Haddadi 

et al., (2020); Han et al., (2022)| Ae‡k‡l, we‡kl hvPvB 
djvd‡ji wbf©i‡hvM¨Zv AviI DbœZ K‡i, KviY G‡Z g‡Wj 
g~j¨vq‡b gvbweK wm×všÍ MÖn‡Yi Dcv`vb hy³ nq Ataş & 

Talay, (2022); Han et al., (2022); Kestur et al., (2018)| 
GwU ¯úó †h GKvwaK ˆeaKiY c×wZi mgš̂q UAV-wfwËK 
MvQ MYbvi g‡W‡ji wek¦vm‡hvM¨Zv AviI e„w× K‡i| 
fwel¨‡Zi M‡elYvq ¯̂qswµq hvPvBKiY (Automated 

Verification) †KŠkj¸‡jvi ms‡hvR‡bi cÖwZ ¸iæZ¡ †`Iqv 
DwPZ, †hgb wWc-jvwb©s Gi mnvqZvq ¸YMZ gvb wbqš¿‡Yi 
(Deep Learning-Assisted Quality Control) gva¨‡g MvQ 
mbv³Ki‡Yi wbfz©jZv AviI DbœZ Kiv m¤¢e n‡e Ges gvbexq 
n Í̄‡¶‡ci cÖ‡qvRbxqZv n«vm cv‡e| 

e„ÿ MYbvq ÎæwUi Drm  

বৃক্ষ গণনায় ত্রুটি রেরিন্ন উৎস দথবক উদ্ভূত েবত পাবর, দর্মন: 

Qvqvi cÖfve MvQ Ges Avkcv‡ki KvVv‡gvi Øviv m„ó Qvqv 

wc‡·‡ji gvb cwieZ©b K‡i, hv fzj †kÖwYweb¨v‡mi KviY n‡Z 
cv‡i| GB mgm¨v we‡klfv‡e AwaK Nb Dw™¢` wewkó AÂ‡j 

†`Lv hvq, †hLv‡b Qvqvi Ifvij¨vc MvQ cv_©K¨KiY‡K RwUj 

K‡i †Zv‡j| Qvqv-m¤úwK©Z mgm¨v¸‡jv wbgœwjwLZ 
M‡elYv¸‡jvi g‡a¨ wPwýZ n‡q‡Q Akca & Polat, (2022); 

Ataş & Talay, (2022); Haddadi et al., (2020); Han et 

al., (2022); Hassaan et al., (2016); Kestur et al., 

(2018)| 

AveiY Ges Mv‡Qi P‚ovi Ifvij¨vc  

Nb e„¶ivwR cÖvqB Avei‡Yi (Occlusion) KviY nq, hvi 
d‡j ̄ ^Zš¿ MvQ mbv³ Kiv KwVb n‡q c‡o| ebf‚wg Ges d‡ji 
evMv‡b GB mgm¨v me‡P‡q †ewk †`Lv hvq, †hLv‡b Mv‡Qi P‚ov 
Ifvij¨vc nIqvi Kvi‡Y cÖK…Z Mv‡Qi msL¨v Kg MYbv Kiv 
nq (Undercounting)| GB mgm¨vwU M‡elYv Akca & 

Polat, (2022); Haddadi et al., (2020); Han et al., 

(2022); Kestur et al., (2018)-G kbv³ Kiv n‡q‡Q| 

 
wP‡Îi ¸YMZ mgm¨v (Image Quality Issues) 

Av‡jv cwiw ’̄wZi cwieZ©b, †gNv”Qbœ AvenvIqv, Ges K¨v‡givi 

†iwR‡÷ªkb ÎæwU wP‡Îi ¸YMZ gvb‡K bó Ki‡Z cv‡i, hvi 
d‡j †kÖwYweb¨v‡mi wbfz©jZv n«vm cvq| GQvovI, A‡_©vd‡Uv 
†gvRvBK Gi ÎæwUc~Y© mgš^q ¯’vbMZ fzj ˆZwi Ki‡Z cv‡i| 

wbgœwjwLZ M‡elYv¸‡jv‡Z GB mgm¨v wPwýZ n‡q‡Q Akca & 

Polat, (2022); Ataş & Talay, (2022); Haddadi et al., 

(2020); Han et al., (2022); Hassaan et al., (2016); 

Kestur et al., (2018)| 

†kÖwYweb¨v‡mi A¯úóZv (Classification Ambiguities) 

MvQ Ges Ab¨vb¨ Dw™¢` (†hgb- Nvm, †SvcSvo)-Gi †¯úKUªvj 
mv`„k¨ _vKvi Kvi‡Y fzj †kÖwYweb¨v‡mi m¤¢vebv _v‡K, hv MvQ 
MYbvi g‡Wj¸‡jvi wbfz©jZv Kwg‡q †`q| GB mgm¨vwU Akca 

& Polat, (2022); Ataş & Talay, (2022); Hassaan et al., 

(2016); Kestur et al., (2018) M‡elYv¸‡jv‡Z cwijw¶Z 
n‡q‡Q| 

 

wPÎ 15: Qvqv‡K MvQ wn‡m‡e †kªYxe× Kiv n‡q‡Q 
[Drm: Akca & Polat, (2022)] 
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e¨envwiK cÖ‡qvM I †¶Îwe‡kølY 

UAV ো দরান আধুরনক প্রযুরক্তর এক রেপ্লে, র্া রেরিন্ন দক্ষবত্র 

কার্ ণকর তথ্য সংগ্রে ও নজরোররবত ব্যেহৃত েবে। কৃরষ, দুবর্ ণাগ 

ব্যেস্থাপনা, পররবেশ পর্ ণবেক্ষণসে নানা খাবত এর ব্যেোররক 

প্রবয়াগ দ্রুত রেস্তৃত েবে। দর্মন: 

bMi eb e¨e ’̄vcbvq UAV cÖhyw³i f‚wgKv 

Hassaan et al., (2016) UAV-wfwËK bMi I ebR m¤ú` 
e¨e¯’vcbvi wewfbœ w`K †hgb e„¶ MYbv, cÖRvwZ †kÖYxweb¨vm 
Ges ¯^v¯’¨ ch©‡e¶Y wb‡q M‡elYv K‡i‡Qb| Mv‡Qi P‚ov 
KvVv‡gv (tree crown structure) I †¯úKUªvj m~PK 
(spectral indices) we‡køl‡Yi gva¨‡g GB M‡elYvq bMi 
meyRvq‡bi e„w×, Mv‡Qi ¯^v¯’¨, Ges †ivM mbv³KiY g~j¨vqb 
Kiv n‡q‡Q| 

bMi cwiKíbv I cwi‡ek e¨e ’̄vcbvq UAV e¨env‡ii 
m¤¢vebv 

Ataş & Talay, (2022) bMi cwiKíbv I e¨e ’̄vcbvi †¶‡Î 
UAV wPÎ we‡kølY K‡i meyR ¯’vb g~j¨vqb I cwi‡ekMZ 
cÖfve M‡elYvq KvR K‡i‡Qb| M‡elYvq deep learning 
g‡Wj e¨envi K‡i bMi Dw™¢` wPÎvqb I ª̀æZ bMivq‡bi d‡j 
f‚wg e¨envi cwieZ©‡bi c~e©vfvm cÖ`vb Kiv n‡q‡Q| 

UAV wfwËK cwi‡ek ch©‡e¶Y I Rxe‰ewPÎ msi¶Y 

(Han et al., 2022) cwi‡ek ch©‡e¶‡Y UAV cÖhyw³i e¨envi 
wb‡q M‡elYv K‡i‡Qb, †hLv‡b we‡klfv‡e Kve©b msi¶Y 
(carbon storage estimation) I Rxe‰ewPÎ¨ ch©‡e¶‡Yi 
(biodiversity monitoring) Ici ¸iæZ¡ †`Iqv n‡q‡Q| 
NDVI-wfwËK Dw™¢` m~PK (vegetation indices) e¨envi 
K‡i M‡elYvwU Mv‡Qi ˆRe fi (tree biomass) wba©viY 
K‡i‡Q Ges Kve©b ms‡køl‡Yi (carbon sequestration) 
f‚wgKv cwigvc K‡i‡Q| 

bMi ZvcØxc (Urban Heat Island) M‡elYvq UAV 
cÖhyw³i e¨envi 

Kestur et al., (2018) UAV- wfwËK bMi ZvcØxc (Urban 

Heat Island - UHI) Aa¨q‡b Zvcxq (thermal) I eûewY©K 
(multispectral) wPÎ e¨envi K‡i‡Qb| GB M‡elYvq Mv‡Qi 
Av”Qv`b Kxfv‡e bMi AÂ‡j ZvcgvÎvi IVvbvgv wbqš¿Y K‡i 
Zv we‡kølY Kiv n‡q‡Q Ges bMi ebvq‡bi Rjevqy Awf‡hvRb 
†KŠk‡j (climate adaptation strategies) f‚wgKv Zz‡j aiv 
n‡q‡Q| 

f‚wg e¨envi cwieZ©b ch©‡e¶‡Y UAV wfwËK eû-KvwjK 
wPÎ we‡kølY 

Akca & Polat, (2022) UAV-wfwËK eû-KvwjK (multi-

temporal) wPÎ we‡køl‡Yi gva¨‡g e„¶ e„w×i nvi Ges f‚wg 
e¨envi cwieZ©‡bi (land-use transformation) Ici 
M‡elYv K‡i‡Qb| M‡elYvi gva¨‡g eb wba‡bi nvi 
(deforestation rates) Ges bMi m¤úªmvi‡Yi (urban 

expansion) cÖfve g~j¨vqb Kiv n‡q‡Q, hv cwi‡ek msi¶Y 
I cwiKwíZ bMi Dbœq‡b mnvqK n‡Z cv‡i GB 
†¶Îwe‡kølY¸‡jv UAV cÖhyw³i e¨envwiK m¤¢vebv I P¨v‡jÄ 
m¤ú‡K© GKwU mgwš^Z aviYv cÖ`vb K‡i, hv fwel¨‡Z bMi eb 
e¨e¯’vcbv, Rjevqy Awf‡hvRb I †UKmB bMi Dbœq‡b 
¸iæZ¡c~Y© f‚wgKv ivL‡Z cv‡i| 

cÖwZeÜKZv I mxgve×Zv 

বৃক্ষ গণনায় সঠিক ফিাফি দপবত নানা প্ররতেন্ধকতা ও 

সীমােদ্ধতার মুবখামুরখ েবত েয়|আধুরনক প্রযুরক্ত ব্যেোর সবেও 

পররবেশগত ও কাররগরর েযাবিঞ্জ থাবক।বর্মন: 

cÖhyw³MZ cÖwZeÜKZv 

UAV- wfwËK MvQ mbv³Ki‡Y †ek wKQy cÖwZeÜKZvi 
m¤§yLxb n‡Z nq, †hgb- RwUj bMi cwiKíbv, Av‡jvi 
cwieZ©b, †gŠmywg cwieZ©b, cÖRvwZi mv „̀k¨, Ges D”P †WUv 
cÖwµqvKi‡Yi Pvwn`v| feb Ges mo‡Ki KvVv‡gvMZ n Í̄‡¶c 
MvQ mbv³Ki‡Y cÖfve †dj‡Z cv‡i, Avevi Aw¯’wZkxj 
Av‡jvi cwiw ’̄wZ eY©vjx cÖwZdjb (spectral reflectance) 
cÖfvweZ K‡i| †gŠmywg cwieZ©b Mv‡Qi eY©vjx ¯^v¶i‡K 
(spectral signatures) cwiewZ©Z K‡i, hvi d‡j mwVK 
†kÖYxwefv‡Mi Rb¨ GKvwaK †gŠmy‡gi †WUv‡mU cÖ‡qvRb nq| 
mv`„k¨hy³ Mv‡Qi cÖRvwZ cv_©K¨ Kiv GLbI P¨v‡j‡Äi welq, 
hvi Rb¨ DbœZ eY©vjx Ges MVb we‡kølY (texture analysis) 
cÖ‡qvRb| GQvovI, eo UAV †WUv‡mU cÖwµqvKi‡Yi AwaK 
hvwš¿K LiP †gNwfwËK (cloud-based) ev mgvšÍivj MYbv  
(parallel computing) mgvavb cÖ‡qvRb| 

Acv‡ikbvj mxgve×Zv 

g~j mxgve×Zv¸wji g‡a¨ i‡q‡Q d¬vBU mxgve×Zv, AvenvIqvi 
wbf©iZvI, e¨vUvwi RxebKvj, †WUv msi¶Y, Ges LiP| 
bMixi No-fly †Rvb¸wj UAV e¨env‡ii Ici mxgve×Zv 
Av‡ivc K‡i, hv cÖvqkB AbygwZ wb‡Z nq| AvenvIqv cwiw ’̄wZ 
†hgb evZvm Ges †g‡Ni AveiY UAV-Gi w ’̄wZkxjZv Ges 
wPÎ ¸Ygvb‡K cÖfvweZ Ki‡Z cv‡i, hv †WUv msMÖn‡K 
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Aw¯’wZkxj K‡i †Zv‡j| e¨vUvwi RxebKvj mxgve×Zv 
DÇq‡bi mgqmxgv Kwg‡q †`q, hv m‡e©vËg DÇqb c_ ev 
GKvwaK UAV wgk‡bi cÖ‡qvRbxqZv ˆZwi K‡i| D”P 
†iRjy¨k‡bi wPÎ wekvj cwigvY †WUv ˆZwi K‡i, hvi d‡j 
msi¶Y Ges cÖwµqvKi‡Yi P¨v‡jÄ ˆZwi nq, hv ms‡KvPb 
(compression) Ges ZvrÿwYK we‡køl‡Yi (real-time 

analysis) cÖ‡qvRbxqZv ˆZwi K‡i| GQvovI, UAV cÖhyw³ 
Ges mdUIq¨vi GLbI e¨qeûj, ZvB GB welqK M‡elYv 
DbœZ Ki‡Z I‡cb-‡mvm© mgvavb (open-source solutions) 
cÖ‡qvRb| 

c×wZMZ mxgve×Zv 

P¨v‡jÄ¸wji g‡a¨ i‡q‡Q A¨vjMwi`‡gi mvaviYxKiY 
(algorithm generalization), cÖRvwZ †kÖYxwefvM (species 

classification), KvjvbyµwgK m½wZ (temporal 

consistency), we`¨gvb wm‡÷‡gi mv‡_ GKÎxKiY 
(integration with existing systems), Ges cÖwgZKiY 
(standardization)| A‡bK mbv³KiY g‡Wj wewfbœ cwi‡e‡k 
mvaviYxKiY Ki‡Z mxgve×Zv m¤§yLxb nq, hvi d‡j wewfbœ 
†WUv‡m‡Ui mv‡_ cybivq cÖwk¶Y (retraining) cÖ‡qvRb nq| 
cÖRvwZ †kÖYxwefvM GLbI Aw¯’wZkxj, we‡klZ mv „̀k¨c~Y© 
cÖRvwZi g‡a¨, hvi Rb¨ eû-eY©vjx (multi-spectral) Ges 
LiDAR †WUvi GKxf‚ZKiY (data fusion) cÖ‡qvRb| 
KvjvbyµwgK Am½wZ (temporal inconsistencies) †`Lv 
†`q hLb GKK †WUv‡m‡U cÖwkw¶Z g‡Wj mg‡qi mv‡_ 
fv‡jvfv‡e mÂvj‡b e¨_© nq, hv eû-Kvjxb K¨vwj‡eªkb 
(multi-temporal calibration) cÖ‡qvRb nq| UAV Øviv 
cÖvß †WUv‡K we`¨gvb ebwe`¨v WvUv‡e‡mi mv‡_ GKwÎZ Ki‡Z 
cÖwgZ f‚¯’vbxqKiY cÖhyw³ (standardized georeferencing 

techniques) cÖ‡qvRb| Ae‡k‡l, UAV-wfwËK MvQ 
mbv³Ki‡Y AvšÍR©vwZK gv‡bi Afv‡ei Kvi‡Y, †WUvi m½wZ 
Ges Zzjbv‡hvM¨Zv wbwðZ Ki‡Z GKK †cÖv‡UvKj (unified 

protocols) cÖ‡qvRb i‡q‡Q| 

fwel¨r M‡elYv wb‡ ©̀kbv 

বৃক্ষ গণনায় িরেষ্যত রেক রনবে ণশনা রনি ণর করবে উন্নত প্রযুরক্তর 

র্থার্থ প্রবয়াগ ও সঠিক দিো ব্যেস্থাপনার ওপর।এো া আবরা 
প্রবয়াজন- 

cÖhyw³MZ Dbœqb 

fwel¨r M‡elYvq gvwë-†mÝi mgš̂q (multi-sensor 

integration), ZvrÿwYK cÖwµqvKiY (real-time 

processing), Ges ¯^qswµq DÇqb wm‡÷g (automated 

flight systems) Gi Dci ¸iæZ¡v‡ivc Kiv DwPZ, hv UAV 
Gi `¶Zv e„w× Ki‡e| DbœZ e¨vUvwi cÖhyw³ DÇq‡bi ’̄vwqZ¡ 
evov‡e, Avi D”P-†iRjy¨k‡bi wPÎMÖnY (higher-resolution 

imaging) MvQ kbv³KiY I †kÖYxwefvM‡K AviI wbLyuZ 
Ki‡e| 

A¨vjMwi`wgK Dbœqb 

wWc-jvwb©s (deep learning), eû-KvjvbyµwgK we‡kølY 
(multi-temporal analysis), Ges UªvÝdvi jvwb©s (transfer 

learning) Gi AMÖMwZ g‡W‡ji Awf‡hvRb ÿgZv 
(adaptability) Ges wbfz©jZv (accuracy) e„w× Ki‡e| 
AcÖZ¨¶ wk¶Y (unsupervised learning) †j‡ejK…Z 
†WUv‡m‡Ui Dci wbf©ikxjZv Kgv‡Z mvnvh¨ Ki‡e, Ges GR 
Kw¤úDwUs (edge computing) wi‡qj-UvBg †WUv cÖ‡mwms‡K 
AviI Kvh©Ki Ki‡e| 

cÖ‡qv‡Mi Dbœqb 

UAV-wfwËK MvQ kbv³KiY ¯§vU© wmwU cwiKíbv (smart 

city planning), Rjevqy Awf‡hvRb (climate adaptation), 
bMi cwi‡ek ch©‡e¶Y (urban ecosystem monitoring), 
Ges Rb¯̂v ’̄¨ M‡elYvq (public health studies) ¸iæZ¡c~Y© 
f‚wgKv ivL‡Z cv‡i| bxwZ cÖYq‡b (policy development) 
wbfz©j Dw™¢` msµvšÍ †WUv mnvqZv Ki‡e, hv cwi‡ekMZ wewa-
wb‡la (environmental regulations) Ges bM‡ii `xN© 
†gqv`x Dbœq‡bi (urban sustainability) †¶‡Î Kvh©Ki n‡e| 

g~j Abywm×všÍmg~n 

1. UAV, we‡klZ gvwë‡ivUi I w¯’i-Wvbvhy³ (fixed-wing) 
wm‡÷g, D”P †iRjy¨k‡bi bMi e„¶ wPÎ avi‡Y Kvh©Ki| RGB 
†mÝi¸‡jvi eY©vjx cwimxgv mxwgZ n‡jI, G¸‡jv Kg Li‡P 
we¯ÍvwiZ `„k¨gvb Z_¨ I DcvË msMÖ‡ni Rb¨ e¨vcKfv‡e 
e¨eüZ nq| 

2. A‡_©vd‡Uv †gvRvBwKs (orthophoto mosaicing), †gk 
†Rbv‡ikb (mesh generation) Ges DSM ˆZwii gva¨‡g 
bMi eb gvbwPÎvqb AviI DbœZ n‡q‡Q| GQvov, iOwfwËK 
wefvRb (color-based segmentation), MVb we‡kølY 
(texture analysis), Ges †gwkb jvwb©s (†hgb- CNNs, 

Mask R-CNN) e¨env‡ii d‡j e„¶ kbv³KiY I 
†kÖYxweb¨v‡mi wbfz©jZv e„w× †c‡q‡Q| 
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wWc-jvwb©s (deep learning) c×wZ (†hgb- PSATC, 

CNN-wfwËK wefvRb) cÖPwjZ c×wZi (†hgb K-means, 

NDVI) Zzjbvq †kÖôZ¡ AR©b K‡i‡Q, Z‡e Qvqvi cÖfve 
(shadow effects), cÖwZeÜKZv Ges wPÎ ¸YMZ gvb msµvšÍ 
mgm¨v¸‡jv GL‡bv wbfz©jZv n«vm K‡i| 

UAV- wfwËK bMi ebR ZvwjKv cÖ¯‘wZ, cÖRvwZi 
†kÖYxweb¨vm, e„‡¶i ¯̂v ’̄¨ ch©‡e¶Y Ges Kve©b msi¶Y 
cwigv‡c mdjfv‡e e¨envi Kiv n‡q‡Q, hv bMi cwiKíbv, 
cwi‡ek ch©‡e¶Y Ges Rjevqy Awf‡hvRb †KŠkj‡K mnvqZv 
K‡i| 

g~j P¨v‡jÄ¸‡jvi g‡a¨ cÖhyw³MZ mxgve×Zv (†hgb- bMi 
KvVv‡gvi RwUjZv, Av‡jvi cwieZ©bkxjZv), cwiPvjbvMZ 
cÖwZeÜKZv (†hgb- d¬vBU wb‡lavÁv, e¨vUvwii ’̄vwqZ¡Kvj), 
Ges c×wZMZ mxgve×Zv (†hgb- A¨vjMwi`g mvaviYxKiY, 
cÖRvwZ †kÖYxweb¨v‡mi RwUjZv) AšÍfz©³ i‡q‡Q| 

GB M‡elYvi gva¨‡g UAV-wfwËK bMi eb e¨e¯’vcbvi 
eZ©gvb DbœwZ, myweav, Ges P¨v‡jÄ¸‡jvi GKwU ̄ úó wPÎ Zz‡j 
aiv n‡q‡Q, hv fwel¨r M‡elYv I cÖhyw³MZ Dbœq‡bi Rb¨ 
GKwU ¸iæZ¡c~Y© w`Kwb‡`©kbv cÖ`vb Ki‡Z cv‡i| 

Dcmsnvi 

GB ch©v‡jvPbvq UAV-wfwËK kû‡i e„‡¶i cwigvY wba©vi‡Y 
eZ©gv‡b e¨eüZ wewfbœ c×wZ I cÖhyw³i Mfxi we‡kølY Kiv 
n‡q‡Q| †hLv‡b RGB wPÎ, wm‡÷‡gi Ici we‡kl ¸iæZ¡ 
†`Iqv n‡q‡Q| M‡elYvi djvd‡j c«PwjZ c×wZi Zyjbvq e…¶ 
MYbvq UAV Gi Zyjbvg~jK Kvh©KvwiZv I mxgve×Zv Zy‡j 
aiv n‡qQ| DbœZ wPÎ cÖwµqvKiY †KŠkj, †hgb- d‡UvMÖv‡gwUª 
I †gwkb jvwb©s-Gi mgš̂q bMi AÂ‡j e„¶ kbv³KiY I 
†kÖYxweb¨v‡mi wbfz©jZv I wbf©i‡hvM¨Zv e„w× K‡i‡Q|m‡e©vcwi 
kû‡i cwi‡e‡k e¨env‡ii P¨v‡jb&R m¤¢vebv Gi e¨envwiK 
c«‡qvM Ges e…‡¶i MYbvq c«hyw³MZ Dbœqb, A¨vjMwi`wgK 
weKvk I fwel¨r w`‡K Av‡jvKcvZ Kiv n‡q‡Q| 
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Abstract: Urban trees provide critical ecosystem services, including temperature regulation, 

air quality improvement, and carbon sequestration, making their accurate quantification 

essential for effective urban forest management. However, traditional methods of tree 

inventory, such as manual surveys, are time-consuming, labor-intensive, and prone to human 

error, particularly in large-scale urban areas. The emergence of Unmanned Aerial Vehicles 

(UAVs) equipped with RGB (Red, Green, Blue) imaging systems offer a promising solution, 

enabling efficient and high-resolution data collection for urban tree quantification. This review 

aims to analyze the current state-of-the-art methodologies and technologies for UAV-based 

urban tree quantification, focusing on RGB imaging systems. The objectives include evaluating 

the accuracy of detection and classification algorithms, assessing practical challenges, and 

identifying future research directions. A comprehensive literature review was conducted, 

covering UAV platforms, RGB sensors, image processing techniques, and machine learning 

approaches. Key findings reveal that deep learning methods, such as Convolutional Neural 

Networks (CNNs) and Mask R-CNN, outperform traditional techniques in tree detection 

accuracy, achieving precision rates above 90%. However, challenges such as shadow effects, 

occlusion, and image quality issues persist, impacting the reliability of UAV-based tree 

quantification. Practical applications, including urban forest inventory, species classification, 

and health monitoring, demonstrate the potential of UAVs in supporting urban planning and 

environmental management. The review concludes that while UAV-based RGB imagery has 

revolutionized urban tree quantification, further advancements in multi-sensor integration, real-

time processing, and algorithmic development are needed to overcome existing limitations. 

This review provides a foundation for future research and practical applications in urban forest 

management using UAV technology. 

Key Words: Canopy, UAVs, Machine Learning, RGB Imagery, CNN, Urban Forest 


