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lkjka'k

;g vè;;u CNN-BiLSTM rduhd dk mi;ksx djrs gq, ,d uohu oLrq igpku ,YxksfjFe dk ifjp; 
nsrk gSA mUur laosnh izkS|ksfxfd;ksa vkSj xgu lqn`<hdj.k lh[kus ds n`f"Vdks.k ds ,dhdj.k ds ekè;e ls] izLrkfor 
iz.kkyh fofo/ oLrqT;kfefr] vkdkj vkSj lrg xq.kksa dks lek;ksftr djus ds fy, vius igpku ekinaMksa dks xfr'khy 
:i ls lek;ksftr djrh gSA bl n`f"Vdks.k esa ,d raf=kdk usVodZ ,tsaV dks ,d Nfo foaMks ls le>us ds fy, 
izf'k{k.k nsuk 'kkfey gS] ftlesa ,d iwoZ fu/kZfjr {ks=k ds Hkhrj oLrqvksa ij è;ku dsafnzr djus dh vko';drk gksrh 
gSA mPp&vk;keh vkSj le;&J`a[kyk MsVk dks izHkkoh <ax ls laHkkyus ds fy,] Mcy DQN <kaps dk mi;ksx fd;k 
tkrk gSA izLrkfor n`f"Vdks.k vkWCtsDVfjdfXu'ku ,YxksfjFe dks ifj"Ñr lqn`<hdj.k lh[kus dh rduhdksa] fo'ks"k :i 
ls Mcy&MhD;w,u ds lkFk tksM+rk gS] tks jkscksV dks fofHkUu okrkoj.kksa esa oLrqvksa dks xfr'khy :i ls le>us vkSj 
le>kus esa l{ke cukrk gSA izLrkfor i¼fr dh rqyuk esa orZeku n`f"Vdks.kksa dh izHkko'khyrk dk ewY;kadu djus ds 
fy, rqyukRed vuqla/ku djds ifj.kke izkIr fd, x,A D;w&usVodZ dks nks vyx&vyx xfr;ksa] vFkkZr~ ^^fV~oLV** 
vkSj ^^iq'k** dks fu"ikfnr djus ds fy, izf'kf{kr fd;k tkrk gS] bfPNr xfr dks ,d fufnZ"V iSjkehVj (^^iq'k** ds 
fy, $1 vkSj ^^fV~oLV** ds fy, &1) ds :i esa iznku fd;k tkrk gSA blds vykok] tc dk;Z iSjkehVj&1 vkSj 
$1 ds chp vkrk gS rks usVodZ lh[kh xbZ xfr;ksa ds chp eè;orhZ xfr mRiUu dj ldrk gSA fu"d"kksZ ls fofHkUu 
vkbVe vkdkjksa] vkÑfr;ksa vkSj fLFkfr;ksa esa liQyrk nj vkSj vuqdwyu {kerk dks le>us esa mYys[kuh; o`f¼ dk 
irk pyrk gSA fo'ks"k :i ls] vè;;u esa 90» dh liQyrk nj izkIr djrs gq,] dk;Z iwjk djus dh nj esa mYys[kuh; 
o`f¼ ntZ dh xbZ gSA
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ifjp;

vkWVkses'ku vkSj jkscksfVDl esa fiNys dbZ 
o"kks± esa cM+h miyfC/;k¡ gkfly gqbZ gSa] [kkldj 
jkscksfVdxzkfLiax ds {ks=k esaA jkscksfVd iz.kkfy;ksa dh 
n{krk vkSj vuqdwyu'khyrk dks c<+kus dh [kkst us 
vR;k/qfud izkS|ksfxfd;ksa dh [kkst dks tUe fn;k 
gS] ftuesa ls lqn`<hdj.k lh[kus ds ,YxksfjFe ,d  
egRoiw.kZ 'kfDr ds :i esa mHkjs gSaA ;g 'kks/ bl 
pqukSrh ds laHkkfor izHkkoh lek/ku dh tkap djrk 
gS% vuqdwyh igpku vkSj lVhd fid ra=k ds lkFk 
jkscksfVd xzSfLiax dks lqn`<hdj.k lh[kus ds ,YxksfjFe  
}kjk O;kogkfjd cuk;k x;k gS¹1ºA xgjh f'k{kk ds 
mi;ksx ds ekè;e ls] vkSj fo'ks"k :i ls lqn`<hdj.k 
ds ekè;e ls lh[kus ds ekè;e ls] 'kksèkdrkZ ,sls 
lapkyu dks pquuk vkSj j[kuk pkgrs gSa ftlesa fofuekZ.k 
izfØ;kvksa] HkaMkj.k lqfo/kvksa ds ifjogu vkSj mipkj 
ds ewY; ds lkFk laosnu'khy ckrphr 'kkfey gks] 
ftlesa vR;f/d lVhdrk dh vko';drk gksrh gSA

jkscksfVDl vuqla/ku ds Hkhrj izkFkfed ck/kvksa 
esa ls ,d jkscksfVd xzSfLiax ls lacaf/r gS] tks lVhdrk 
vkSj vuqdwyu {kerk ds lkFk oLrqvksa esa gsjiQsj djus 
dh e'khuksa dh {kerk ls lacaf/r gSA ljy ;kaf=kd 
midj.kksa ds lkFk viuh 'kq#vkr ds ckn ls bl {ks=k 

Abstract 
This study introduces a novel object recognition algorithm employing the CNN-BiLSTM 

technique. Through the integration of advanced sensory technologies and deep reinforcement learning 
approaches, the proposed system dynamically adjusts its detection parameters to accommodate diverse 
object geometries, sizes, and surface properties. The approach entails training a neural network agent to 
discern, from an image window, which objects within a predetermined region warrant focused attention. 
To effectively handle high-dimensional and time-series data, a Double DQN framework is utilized. 
The proposed approach amalgamates object recognition algorithms with sophisticated reinforcement 
learning techniques, notably Double DQN, enabling robots to dynamically perceive and grasp items in 
varied environments. The outcomes were obtained by conducting comparative research to evaluate the 
effectiveness of current approaches in comparison to the proposed method. The Q-network is trained 
to execute two distinct motions, namely "twist" and "push," with the intended motion provided as an 
assigned parameter (+1 for "push" and -1 for "twist"). Moreover, the network can generate intermediate 
movements between the learned motions when the task parameter falls between -1 and +1. The findings 
reveal notable enhancements in grasping success rates and adaptability across diverse item sizes, shapes, 
and conditions. Notably, the study reports a significant increase in the task completion rate for grasping, 
achieving a success rate of 90%.
eq[; 'kCn% Mcy&MhD;w,u] lh,u,u&,y,lVh,e] jkscksV xzSfLiax] vkWCtsDV fMVsD'kuA
Key Words: Double DQN, CNN-LSTM, Robot Grasping, Object Detection.

us egRoiw.kZ izxfr dh gS] vc ;g Ñf=ke cqf¼eÙkk 
vkSj lkWÝVjkscksfVDl esa izxfr ds {ks=k esa vkxs c<+ jgk 
gSA jkscksfVd xzSfLiax dh fodkloknh ;k=kk dks le>us 
ls izkS|ksfxdh esa mu pqukSfr;ksa vkSj izxfr ds ckjs esa 
ewY;oku n`f"Vdks.k feyrs gSa ftudk 'kks/drkZvksa us o"kksZ 
ls lkeuk fd;k gSA

oLrq gsjiQsj esa yphykiu egRoiw.kZ gksrk tk jgk 
gS D;ksafd daifu;ka lVhdrk vkSj izHkko'khyrk ds fy, 
izkS|ksfxdh ij vf/d ls vf/d fuHkZj gksrh tk jgh gSaA 
thou esa ifjfLFkfr;ksa dh vkarfjd lèf¼ vkSj vizR;kf'krrk 
dHkh&dHkh ikjaifjd Lopkfyr le> rduhdksa ds fy, 
pqukSfr;ka is'k djrh gSA gekjk vè;;u mu dfBukb;ksa 
ds vuqlkj jkscksV esa gsjiQsj djus ds ikjaifjd rjhdksa ij 
iqufoZpkj djus ds fy, vkj,y i¼fr dk mi;ksx djrk 
gSA ;s ǹf"Vdks.k jkscksfVDl dks Kku izkIr djus vkSj cnyrs 
vkSj vizR;kf'kr ifjos'k esa ekStwnk euksjatd rduhdksa dks 
la'kksf/r djus esa l{ke cukrs gSa¹2ºA ;s iz;ksx vkSj foiQyrk 
dh ewyHkwr vo/kj.kkvksa ij vk/kfjr gSaA bl iz;kl esa] 
dsoy le>us dh {kerkvksa ls ijs izxfr dh xbZ gS] blds 
ctk; xfr'khy igpku iz.kkfy;ksa ds ,dhdj.k ij tksj 
fn;k x;k gSA

jkscksfVDl dks le>us esa fofHkUu izdkj dh tfVy 
leL;k,a 'kkfey gSa] tSls yphyh iz.kkfy;ksa dh vko';drk 
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tks oLrqvksa dh ,d foLr̀r J̀a[kyk dks laHkky lds] lsalj 
dh {kerkvksa ij ck/k,a] okLrfod le; esa /kj.kk] 'kksj 
vkSj vfuf'prrkA euksjatd rduhdksa ds yphysiu] lqj{kk 
fparkvksa vkSj vf/d mUur dk;ksZ ds lkFk lgt leUo; 
ls tfVyrk vkSj c<+ tkrh gSA jkscksfVDl izkS|ksfxdh] Ñf=ke 
cqf¼eÙkk vkSj raf=kdk usVodZ esa fodkl ds ekè;e ls] 
MsoyilZ bu ck/kvksa dks nwj djus vkSj fofHkUu fLFkfr;ksa esa 
Lopkfyr le> dh vuqdwyu'khyrk vkSj n{krk esa lqèkkj 
djus ds fy, dke djrs gSaA

jkscksfVd gSaMfyax ds rjhds% fofHkUu dkjdksa ds 
vuqlkj] n`f"V&vk/kfjr gsjiQsj djus okys jkscksV ds 
fy, fofHkUu rjhds ekStwn gSaA fo'ys"k.kkRed rjhds 
vkn'kZ idM+ fLFkfr fu/kZfjr djus ds fy, oLrq ds :i 
dh tkap djrs gSaA e'khu yfuZax MsVk&lapkfyr i¼fr;ksa 
dh uhao gS] tks csgrj izlaLdj.k {kerkvksa] lkaf[;dh; 
rjhdksa vkSj MsVk igqap ds ifj.kkeLo:i dkiQh mUur 
gqbZ gSA lwpuk&lapkfyr rjhdksa dks ifj"Ñr djus ds 
fy, ekWMy&vk/kfjr vkSj ekWMy&eqDrj.k uhfr;ksa dk 
mi;ksx fd;k tk ldrk gSA

ekWMy&vk/kfjr vkj,y ,YxksfjFe% ekWMy&vkèkkfjr 
jkscksfVd xzSfLiax izfØ;kvksa dks rhu vyx&vyx pj.kksa 
esa foHkkftr djuk laHko gS% vkWCtsDV ikst dk vuqeku 
yxkuk] idM+us dh fLFkfr dk fu/kZj.k djuk] vkSj 
vkbVe dk p;u djus ds fy, ekxZ dh ;kstuk cukukA 
bl n`f"Vdks.k dk mi;ksx djrs gq,] jkscksfVd Hkqtk 
fo'ys"k.k djrh gS vkSj idM+us okyh fØ;k,a djrh 
gS] vDlj fleqys'ku ;k lkaf[;dh; rjhdksa ds ekè;e 
ls idM+ dks vuqdwfyr djrh gSA ekWMy&vk/kfjr 
n`f"Vdks.k ds fy, mRikn vkSj okrkoj.k izfrfuf/Ro dh 
lVhdrk vko';d gS] vkSj Hkfo";ok.kh vkSj okLrfod 
ifjfLFkfr;ksa ds chp dksbZ Hkh vlekurk n`f"Vdks.k dh 
izHkko'khyrk ij izHkko Mky ldrh gS¹3ºA

fp=k 1- ekWMy&vk/kfjr vkSj ekWMy&eqDr vkj,y dk laØe.k

ekWMy&eqDr vkj,y ,YxksfjFe% ekWMy&vkèkkfjr 
rduhdksa ds foijhr] ekWMy&eqDr n`f"Vdks.k mu oLrqvksa 
ds ckjs esa fiNyh tkudkjh ij fuHkZj ugha gks ldrs 
gSa ftuls fuiVrs gSaA xgu f'k{k.k vkSj lqn`<hdj.k 
f'k{k.k nks fof/;k¡ gSa ftudk mi;ksx bl izdkj ds 
funZs'k dks iwjk djus ds fy, fd;k tk ldrk gSA 
vizR;kf'kr vkSj vizf'kf{kr lanHkksZ esa] tgka igys ls 
lVhd fleqys'ku rS;kj djuk eqf'dy gks ldrk gS] 
ekWMy&eqDr rduhdsa iQk;nsean gksrh gSa] ysfdu fofHkUu 
oLrqvksa vkSj ifjfLFkfr;ksa ij lkekU;hdj.k ds lanHkZ esa 
vPNk izn'kZu djus ds fy, mUgsa cgqr lkjh funZs'kkRed 
tkudkjh dh vko';drk gks ldrh gSA

lkfgR; leh{kk

'kks/ ls irk pyrk gS fd HkkSfrd ;kaf=kdh 
dh Li"V :i ls Hkfo";ok.kh djus ls ,d ,slh 
uhfr curh gS tks gkFk ls rS;kj dh xbZ xfr'khyrk  
vk/kj js[kk vkSj ̂ ^ewY;&usVodZ** nksuksa ls csgrj izn'kZu 
djrh gSA mÙkjk¼Z vkerkSj ij lVhd ewY; vuqeku 
mRiUu djus ds fy, leku ;kaf=kdh dh varfuZfgr  
Hkfo";ok.kh ij fuHkZj djrk gSA ;s fu"d"kZ uhfr fuekZ.k 
izfØ;k esa HkkSfrd ;kaf=kdh dks Li"V :i ls ,dhÑr 
djus dh Js"Brk ij tksj nsrs gSa¹4ºA dbZ lewgksa ds 
lkFk izkjafHkd oxhZdj.k ds laca/ esa leL;k dk  
lek/ku djus ds fy,]¹5º ds 'kks/drkZvksa us (MhD;w,u) 
rduhd ij vk/kfjr ,d Mhvkj,y fof/ dk lq>ko 
fn;kA fdlh pht dks idM+uk idM+us ;k mBkus dh 
fØ;k gSA euksjatd xfrfof/ djrs le;] rhu egRoiw.kZ 
dkjdksa ij fopkj fd;k tkuk pkfg,% LFkku] oLrq vkSj 
ifjos'kA izLrkfor <kaps ds izn'kZu dk O;kid ewY;kadu 
djus ds fy, fleqys'ku vkSj okLrfod nqfu;k dh tkap 
ds la;kstu ds ekè;e ls dBksj ewY;kadu fd;k tkrk 
gSA flE;qysVsM ifjn`';ksa dk mi;ksx <kaps dh tfVy 
dk;Z{kerkvksa dk irk yxkus ds fy, fd;k tkrk gS] 
tks fofHkUu ifjfLFkfr;ksa esa blds O;ogkj esa varnZ`f"V 
iznku djrk gS¹6]7ºA fxzi dk;Z dks c<+kus ds fy, dbZ 
rjhds LFkkfir fd, tk jgs gSa_¹8º esa ys[kd oLrq dk 
irk yxkus] lh[kus vkSj le>us ds fodYiksa ij tksj 
nsus ds lkFk orZeku fodkl dh leh{kk iznku djrs 
gSaA ;g vuqHkotU; lR;kiu HkkSfrd iz.kkfy;ksa dh 
lVhd Hkfo";ok.kh vkSj gsjiQsj dh vko';drk okys 
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dk;ksZ ds fy, uhfr;ksa dks vuqdwfyr djus esa HkkSfrd 
;kaf=kdh dks Li"V :i ls ekWMfyax djus ds egRo dks 
js[kkafdr djrk gS¹9]10ºA mYVs xfrdh dk mi;ksx djus 
okyh vU; LFkkfir fof/;k¡ Hkh ekStwn gSa] ftuesa¹11]12º 
'kkfey gS] tks mYVs xfr dh lek/kuksa ds fy, Bksl 
O;oLFkk ds la;qDr&LFkku iFk iznku djus ds fy, vkj 
,y&vk/kfjr n`f"Vdks.k dk lq>ko nsrk gSA 'kks/ dk 
mn~s'; O;qRØe xfr'khyrk dk ,d lek/ku [kkstuk gS 
tks ,d Lok;Ùk 'kk[kk dks ,d xgjh iwokZuqekfur uhfr 
fHkUurk rduhd¹13º dk mi;ksx djds n`f"V ds vuqlkj 
oLrqvksa dks gfFk;kus dk dke iwjk djus dh vuqefr 
nsrk gSA f'k{kkfonksa }kjk ubZ rduhdksa dh tkap dh tk 
jgh gS] tSls lh[kus ds fy, raf=kdk usVodZ tks Kku dk 
dq'kyrk iwoZd mi;ksx djrs gSa¹14ºA

tcfd DQN dqN ifjǹ';ksa esa mRÑ"V izn'kZu 
iznf'kZr djrk gS] ;g mu ukSdfj;ksa ds fy, vuqi;qDr gS 

rkfydk 1. lkfgR; dh leh{kk
o"kZ fof/ dk iz;ksx fd;k x;k dfFkr jkscksfVd xfr n{krk nj 

(» esa)
ekWMyeqÝr ()

@ vk/kfjr (&)

izlax la[;kA

2024 McyMhD;w,u mBkb, vkSj txg ij jf[k, 100  ¹1º

2024 MkW ,y idM+us esa 95 & ¹2º

2024 MkW ,y idM+us esa 80 & ¹3º

2023 Mhvkj,y (ihD;wlh,u) /dsyuk] idM+uk vkSj j[kuk 88  ¹4º

2023 Mhvkj,y (D;w&yfuZax) idM+us esa 93-8  ¹5º

2023 vkj ,y idM+us esa & & ¹6º

2023 vkj ,y idM+sa] vkSj pqusa vkSj j[ksa 100 & ¹7º

2022 Msyh idM+us esa 90 & ¹8º

2021 MkW ,y idM+us esa 86&96  ¹9º

2021 vkj ,y euksjatd &  ¹10º

2021 Mhvkj,y] tsusfVd ,YxksfjFe (th,) idM+us esa & & ¹11º

2020 Mhvkj,y (D;w&eku) idM+&ls&LFkku 90  ¹12º

2020 vkj ,y idM+us dk dk;Z 100  ¹13º

2020 Msyh idM+uk vkSj fgykuk & & ¹14º

2018 McyMhD;w,u idM+us esa 90  ¹15º

2018 vkj,y (D;w&lh[kuk) idM+uk vkSj /dsyuk 70  ¹16º

*ihD;wlh,u&fiDlsy&okjD;w&ewY;oku fØfVd usVodZ] #th,&tsusfVd ,YxksfjFe] th,l,u&LVSfdax usVodZ ds fy, xzSfLiax

ftuds fy, fujarj izfØ;k LFkku dh vko';drk gksrh 
gSA DQN dks iwokZuqekfur uhfr mUu;u fof/** ds lkFk 
,dhÑr djds] DDPG bl leL;k ls futkr ik ysrk gSA  
'kks/drkZvksa }kjk¹15º esa dbZ vkWiQ&ikWfylh] ekWMy&eqDr] 
Mhvkj,y fof/;ksa dk vuqHkotU; ewY;kadu izLrqr fd;k 
x;k gSA ekWMy&eqDrMhi&vkj,y dk mi;ksx djds] 'kks/
drkZ ;g irk yxkus vkSj vè;;u djus esa l{ke Fks fd 
dSls /Ddk nsus ls dykbZ vkSj gkFkksa ds fy, txg cukus 
ds fy, HkhM+ okyh oLrqvksa dks iquxZfBr djus esa enn fey 
ldrh gSA ;g Lo&i;Zosf{kr Mhvkj,y ds lkFk idM+us 
vkSj pyus ds chp rkyesy dh [kkst ls laHko gqvkA th 
,l ,u ds ekè;e ls]¹16º ds 'kks/drkZ ,d ,slk ǹf"Vdks.k 
lq>krs gSa tks ,d lkFk fu;eksa dks gfFk;kus vkSj O;ofLFkr 
djus dks le>rk gSA ;g ,d jkscksfVd Hkqtk dks lrg ls 
mfpr :i ls iSdstksa dk p;u djus vkSj mUgsa ,d mQaph 
lrg ij j[kus dh vuqefr nsrk gSA
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izfØ;k

lh,u,u% dUosU'kuy U;wjy usVodZ (lh,u,u) 
Ñf=ke cqf¼eÙkk ds Hkhrj] fo'ks"k :i ls daI;wVj n`f"V ds 
Hkhrj ,d egRoiw.kZ izxfr ds :i esa n`f"Vxkspj gksrk gSA 
os e'khuksa }kjk n`'; MsVk dh O;k[;k vkSj le> esa ,d 
ifjorZudkjh liQyrk dk izfrfuf/Ro djrs gSaA lh,u,u 
ds ewy esa ladsafnzr ijrsa gksrh gSa] tgka feuV fiQYVj 
buiqV Nfo;ksa dks ikj djrs gSa] fiDlsy ds chp LFkkfud  
laca/ksa dks cuk, j[krs gq, lqfo/kvksa dks fudkyrs gSaA 
bu ijrksa dks vkerkSj ij iwfyax ijrksa }kjk liQy cuk;k 
tkrk gS] tks fudkyh xbZ fo'ks"krkvksa dk uewuk ysrh 
gS] ftlls dEI;wVs'kuy tfVyrk de gks tkrh gS vkSj 
vksoj fiQfVax de gks tkrh gSA ReLU tSls lfØ;.k 
dk;ksZ }kjk 'kq: dh xbZ xSj&jSf[kdrk,a] CNN dks 
tfVy iSVuZ dks le>us esa l'kDr cukrh gSaA daI;wVj 
fotu ds {ks=k esa] iQhpj fu"d"kZ.k vkSj oxhZdj.k dh 
[kkst vuqla/ku dk ,d egRoiw.kZ volj gSA Nfo 
izlaLdj.k esa ikjaifjd n`f"Vdks.k vkerkSj ij lkaf[;dh; 
fu;ferrkvksa ;k ekStwnk Kku ls izkIriwoZ&fMtkbu dh 
xbZ lqfo/kvksa ij fuHkZj djrs gSa] tks ewy Nfo MsVk dks 
iwjh rjg vkSj lVhd :i ls izLrqr djus dh mudh 
{kerk dks lhfer djrs gSaA dUosU'kuy U;wjy usVoDlZ 
(lh,u,u) ,d ,aM&Vw&,aM yfuZax izfreku iznku djrs 
gSa tgka ekinaMksa dks xzsfM,aVfMlsaV ds ekè;e ls ifj"Ñr 
fd;k tkrk gSA

BiLSTM: vkWCtsDV fMVsD'ku ds fy, 
fcMk;jsD'kuy ykWUx 'kkWVZ&VeZeseksjh (BiLSTM) 
usVodZ dks fu;ksftr djus dh izfØ;k Nfo;ksa vkSj 
muds lacaf/r vkWCtsDV ckmafMax ckWDl okys yscy 
okys MsVklsV ds fuekZ.k ls 'kq: gksrh gSA blds ckn] 
bu Nfo;ksa ls inkuqØfer fo'ks"krkvksa dks fudkyus 
ds fy, iwoZ&izf'kf{kr dUosU'kuy U;wjyusVodZ 
(lh,u,u) ekWMy dk mi;ksx fd;k tkrk gS] ftUgsa 
fiQj iQhpjoSDVj ds vuqØe esa ,UdksM fd;k tkrk 
gSA izklafxd tkudkjh dks f}fn'kkRed :i ls dSIpj 
djus ds fy, bu vuqØeksa dks BiLSTM ijr 
esa buiqV fd;k tkrk gSA blds ckn] oLrqvksa dh 
mifLFkfr vkSj muds ckmafMax ckWDl funZs'kkad dh  

Hkfo";ok.kh djus ds fy, usVodZ esa ,d fMVsD'ku 
gsM tksM+k tkrk gSA iwjs usVodZ dk izf'k{k.k mfpr gkfu 
dk;ksZ dk mi;ksx djds 'kq: ls var rd vk;ksftr 
fd;k tkrk gS] ftlesa izn'kZu ewY;kadu lVhd] 
fjdkWy vkSj ekè; vkSlr ifj'kq¼rk (,e,ih) tSls 
eSfVªDl dk mi;ksx djds fd;k tkrk gSA vLFkk;h 
fuHkZjrk dks idM+us esa bl n`f"Vdks.k dh {kerk 
ds ckotwn] ikjaifjd lh,u,u&vk/kfjr rjhdksa 
ds lkis{k bldh n{krk vkSj lVhdrk fof'k"Vdk;Z 
vko';drkvksa ds vk/kj ij fHkUu gks ldrh gSA

Mcy MhD;w,u% jkscksfVd xzSfLiax esa Mcy 
MhiD;w&usVodZ (McyMhD;w,u) dks 'kkfey djus 
ls oLrqvksa dks izHkkoh <ax ls idM+us es jkscksV dh 
n{krk dks c<+kus ds fy, lqn`<hdj.k lh[kus ds 
fl¼karks a dk mi;ksx djuk 'kkfey gSA bl i¼fr ds 
ekè;e ls] jkscksV vius i;kZoj.kh; voyksduksa dk 
vkdyu djds vkSj fiNys vuqHkoksa dk ykHk mBkdj 
b"Vre le> fØ;kvksa dks le>us dh {kerk izkIr 
djrk gSA izkjafHkd pj.k esa i;kZoj.kh; fLFkfr dks 
ifjHkkf"kr djuk 'kkfey gS] ftlesa vkWCtsDV fLFkfr] 
fxzij fLFkfr vkSj lsalj MsVk tSls dSejk Nfo;ka 
;k xgjkbZ eku fp=k tSls dkjd 'kkfey gSaA blds 
vykok] jkscksV ds fy, miyC/ fØ;k,a fufnZ"V dh 
xbZ gSa] ftlesa fxzij dh fLFkfr vkSj vfHkfoU;kl esa 
laHkkfor lek;kstu 'kkfey gSaA

okLrfod le; xzSfLiax fu"iknu ds nkSjku] 
izf'kf{kr McyMhD;w,u ,tsaV i;kZoj.k dh ekStwnk 
fLFkfr dk vkdyu djds xfr'khy :i ls dk;ksZ dk 
p;u djrk gS] jkscksfVdvkeZ ;k fxzij dks rnuqlkj 
xzSfLiax xfr dks fu"ikfnr djus dk funZs'k nsrk gSA 
blds ckn] ,tsaV ds ekinaMksa dks iqujko`Ùkh; :i ls 
lek;ksftr djus ds fy, i;kZoj.k ls izfrfØ;k] tSls 
le>us ds iz;klksa (liQyrk ;k foiQyrk) ds ifj.kkeksa 
dk ykHk mBk;k tkrk gSA ;g iqujko`Ùkh; izfØ;k le; 
ds lkFk ,tsaV dh le>us dh j.kuhfr;ksa dks ifj"Ñr 
djrh gS] ftlls oLrqvksa dks izHkkoh <ax ls idM+us esa 
mldh n{krk c<+rh gSA
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lkSE;Jh] xq#ehr flag] gjtksr flag fxy] lat; flag jkBkSM+ ,oa ef.kdaoj flag] ^^Mcy&MhD;w,u ds ,dhdj.k---**

fp=k 2- xzSfLiax flLVe dh dk;Ziz.kkyh dk ÝykspkVZ

ekWMy izf'k{k.k vkSj iz;ksx fMtkbu

MsVklaxzg.k% orZeku 'kks/ esa] izf'k{k.k MsVk ,d=k 
djus ds fy, eks'ku baVjiksys'ku fu;a=k.k dk mi;ksx 
fd;k x;k FkkA bl n`f"Vdks.k esa 'kq#vkr vkSj var nksuksa 
eqnzkvksa dk o.kZu 'kkfey gS] ftUgsa fiQj la;qDr dks.kksa 
dh x.kuk djds gkFk esa gsjiQsj dkjZokbZ iznku djus ds 
fy, iz{ksfir fd;k tkrk gSA tcfd jkscksfVd gkFkksa ls 
idM+h xbZ xfrfof/ dks iwjk djus ds fy, baVjiksys'ku 
fu;a=k.k mRÑ"V gS] ;g maxfy;ksa ij izkjafHkd idM+us 
okys LFkkuksa esa nks"kksa ds izfr [kjkc vuqdwyu {kerk 
fn[kkrk gS vkSj oLrqvksa ij vR;f/d cy Mky ldrk 
gS] ftlls VwVus dk [krjk c<+ tkrk gSA raf=kdk usVodZ 
vkSj baVjiksys'ku fu;a=k.k ds chp ,d rqyukRed 
fo'ys"k.k ls bu lhekvksa dk irk pykA bu&gSaM gsjiQsj 
ds fy, raf=kdk usVodZ ds izf'k{k.k dh izHkkodkfjrk 
esa lq/kj djus ds fy,] iz;ksxdrkZ tkucw> dj izR;sd 
ijh{k.k ds fy, y{; oLrq dh izkjafHkd idM+us dh 
fLFkfr dks ;kn`fPNd cukrk gSA ;g j.kuhfr lqfuf'pr 
djrh gS fd izf'k{k.k MsVk esa fofHkUu izkjafHkd idM+ 
fLFkfr;ksa ls 'kq: gksus okyh xfr;k¡ 'kkfey gksaA

nwljksa ds eqdkcys viuh i¼fr dks csapekdZ djus 
ds fy,] ge dkxy MsVklsV dk mi;ksx djds viuh 
okLrqdyk dk ewY;kadu djrs gSaA bl MsVklsV esa 228 
vyx&vyx oLrqvksa okyh 864 Nfo;ka 'kkfey gSaA 
izR;sd Nfo esa dbZ xzSLi vk;r gksrs gSa] ftUgsa lekukarj 
IysV fxzilZ ij iQksdl ds lkFk liQy (ldkjkRed) 

;k vliQy (udkjkRed) ds :i esa oxhZÑr fd;k 
tkrk gSA dqy feykdj] MsVklsV esa 7085 yscy 
okys xzSIl gSa] ftuesa 5055 ldkjkRed mnkgj.k vkSj 
2030 udkjkRed mnkgj.k 'kkfey gSaA MsVklsV ds nks 
vyx&vyx foHkktu cuk, x, gSa%

fp=kkuqlkj foHkktu% bl foHkktu esa MsVk lsV esa 
izR;sd fp=k dks ;kn`fPNd :i ls ikap rgksa esa foHkkftr 
fd;k x;k gSA ;g fof/ ;g vkdyu djus ds fy, 
vPNh rjg ls dke djrh gS fd usVodZ fofHkUu 
vfHkfoU;klksa vkSj LFkkuksa esa igys ls ns[kh xbZ oLrqvksa 
dks fdruh vPNh rjg lkekU;hÑr djrk gSA

oLrq&okj foHkktu% fdlh fuf'pr vkbVe dh 
lHkh rLohjsa ,d gh lR;kiu lsV esa ,df=kr dh 
tkrh gSa] vkSj izR;sd vkWCtsDV ds lHkh mnkgj.k 
;kn`fPNd :i ls foHkkftr gksrs gSaA ;g rduhd ;g  
fu/kZfjr djus esa lgk;d gS fd usVodZ mu oLrqvksa dks 
fdrus izHkkoh <ax ls lkekU;hÑr djrk gS ftUgsa mlus 
igys ugha ns[kk gSA

izf'k{k.k ekWMy% izf'k{k.k ds fy,] lh,u,u 
dks vkerkSj ij Lora=k MsVk dh vko';drk gksrh gS] 
gkykafd ,y,lVh,e usVodZ eseksjh esa yxkrkj laxzghr 
uewuksa ls dusD'ku dk irk yxkus esa dkiQh vPNs gSaA 
LFkkukarj.k f'k{k.k rduhd dk mi;ksx djrs gq,] ;g 
'kks/  bl la?k"kZ dks gy djus dk iz;kl djrk gSA 
lh,u,u ekWMy dks lcls igys mu MsVk ij izf'kf{kr 
fd;k tkrk gS tks vO;ofLFkr gSaA fiQj] fcuk iQsjcny 
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fd, x, uewuksa dk mi;ksx djds] lh[ks x, ekinaMksa 
dks yksM fd;k tkrk gS vkSj ,y,lVh,e Hkkx dks 
izf'kf{kr djus ds fy, r; fd;k tkrk gSA ;g rduhd 
lh,u,u vkSj ,y,lVh,e nksuksa ds iQk;nksa dk mi;ksx 
djds vuqØfed MsVk dks laHkkyuk vklku cukrh gSA 
izf'k{k.k ds fy, MsVklsV ls 7085 uewuksa dk mi;ksx 
fd, tkus ds ckn orZeku ekWMy ds iSjkehVj j[ks x, 
gSaA mlds ckn] u, MsVk lsV ij izf'k{k.k tkjh j[kus 
ds fy, bu laxzghr ekinaMksa dks fiQj ls vk;kr fd;k 
tk,xkA bl i¼fr dk mi;ksx djds] fLFkjrk cuk, 
j[kh tkrh gS vkSj tc ekWMy dks rktk MsVk feyrk 
gS rks og igys ds izf'k{k.k dk ykHk mBk ldrk gSA

CNN & LSTM usVodZ dk fuekZ.k vkSj izf'k{k.k 
Tensor Flow dk mi;ksx djds fd;k tkrk gSA izkjaHk 
esa] lh,u,u ?kVd viuh iFk fu;kstu {kerk dk 
vkdyu djus ds fy, izf'k{k.k vkSj ewY;kadu ls 
xqtjrk gS¹20ºA blds ckn] fleqys'ku vuqHkkx esa LSTM 
?kVd dk ewY;kadu fd;k tkrk gSA ;g vuqØfed 
n`f"Vdks.k dk;Z ds fofHkUu igyqvksa esa usVodZ ds izn'kZu 
ds O;kid ewY;kadu dh vuqefr nsrk gSA

rkfydk 2- fodkl eSfVªDl dh rqyuk

rjhds lh,u,u vkj&

lh,u,u

lh,u,u&

,y,lVh,e

lh,u,u&

chvkbZ,y

,lVh,e
,e,ihbZ» 7-5 5-87 2-34 1-76
vkj2 84 89-43 91-7 99-02

MhD;w,u okLrqdyk
fdlh nh xbZ voyksdu ;ksX; fLFkfr esa] Rs ,d 

jkscksV ,d uhfr ds vuqlkj viuh dkjZokbZ r; djrk 
gS π] vxys jkT; esa laØe.k Rs+1= h(Rs, Bs) bl 
iqujko`Ùkh; izfØ;k esa] ,d vPNh rjg ls ifjHkkf"kr 
dk;Zuhfr dk gksuk vko';d gSA lap;h buke dks 
bl izdkj n'kkZ;k x;k gS- Pt =∑s=t dds–t rt lqn`<hdj.k 
lh[kus esa] uhfr ds rgr fØ;k&ewY; dk;Z djrk gS p 
ds :i esa n'kkZ;k x;k gSA Qπ (r, b) = e [Qs|Rs, Bs, π]
b"Vre uhfr fu/kZfjr djus esa fØ;k&ewY; iQaD'ku dk 
vuqeku yxkuk 'kkfey gS] ftls csyesu lehdj.k dk 
mi;ksx djds izkIr fd;k tk ldrk gS: Qπ (r, b)

 Qs+1 (r, b) = δ[a+γ max Pt (r', b')º      (1)
;g vè;;u Mh vkj ,y vkfdZVsDpj dk mi;ksx 

djds vkn'kZ ,D'ku&oSY;w iQaD'ku (Q*) dk vuqeku 

yxkus ds fy, lh,u,u dk mi;ksx djrk gSA iSjkehVj 
α }kjk ifjHkkf"kr usVodZ] ds ,d xSj&js[kh; lfUudVu 
ds :i esa dk;Z djrk gS] ftls Q(r,b;α) ¾ Q*(r,b) 
ds :i esa O;Dr fd;k tkrk gSA bu ekinaMksa dh 
x.kuk vLFkk;h varj =kqfV (VhMh&=kqfV) dks de djds 
ckj&ckj dh tkrh gSA

( ) ( )ˆ 2arg min [ max ', '; , ; ]a Q r b Q r bθ = d + g θ − θ     (2)
DQN esa] vuqdwyu izfØ;k dks vLFkk;h varj 

=kqfV (TD-err) dks gkfu iQaD'ku ds :i esa ekurs gq,] 
,d izfrxeu dk;Z esa cny fn;k tkrk gSA
L(θ)¾[a$g max Q(r',b';θ)&Q(r,b;θ))]2           (3)

lh,u,u dk mi;ksx djds] Nfo;ksa ls fo'ks"krk,a 
iquizkZIr dh tkrh gSaA iQhpj ,DlVªSDVj ResNet&18 
dh 'kq#vkrh 9 ijrksa vkSj nks vfrfjDr lc lSaifyax 
duoY'kuy ekWMÔwy ls cuk gSA ,d iwjh rjg ls tqM+h 
gqbZ ij rckmafMax ckWDl buiqV dks 512&vk;keh osDVj 
esa foLrkfjr djrh gSA fiQj bu nks buiqVksa dks la;ksftr 
fd;k tkrk gS] ftlesa Q dk vuqeku yxkus ds fy, nks 
iwjh rjg ls tqM+h gqbZ ijrksa dk mi;ksx fd;k tkrk gSA
Mcy MhD;w,u

dkjZokbZ p;u vkSj y{; ewY; vuqeku nksuksa ij 
vf/drehdj.k vkWijs'ku dks fu;ksftr djus ds dkj.k 
ewy DQN fof/ dks vf/d vuqeku ds eqíksa dk 
lkeuk djuk iM+rk gSA bls lacksf/r djus ds fy,] 
Mcy D;w&yfu±x dks ,d lek/ku ds :i esa is'k fd;k 
x;k gSA ;g n`f"Vdks.k vf/drehdj.k vkWijsVjksa dks nks 
usVodksZ esa foHkkftr djds vfr ewY;kadu =kqfV;ksa dks 
de djrk gS% Qtarget vkSj Qeval- nksuksa usVodZ dh 
lajpuk ,dleku gSa ysfdu iSjkehVj vyx&vyx gSaA 
Qtarget dk mi;ksx dsoy fØ;kp;u ds fy, fd;k 
tkrk gS%

dt = maxQevel (Rs, b; θ–)		  (4)
ifj.kke

xfr'khy oLrq igpku ds fy, ,d izHkkoh rduhd 
ds fy, ,d dq'ky O;ogkj izksVksdkWy LFkkfir djus 
dh vko';drk gksrh gS tks jkscksV dks rsth ls mi;qDr 
voyksdu ifjizs{; izkIr djus dh vuqefr nsrk gSA bl 
pqukSrh ls fuiVus ds fy, rS;kj Mh vkj ,y <kapk 
rS;kj djds bls gkfly fd;k tk ldrk gSA CNN vkSj 
BiLSTM ekWMy dks feykdj vkSj mUgsa izkFkfedrk 
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okys vuqHko jhIys ds lkFk izf'kf{kr djds ,d dq'ky O;ogkj izksVksdkWy fodflr fd;k x;k FkkA izR;sd pj.k ij 
dk;ksZ dh Hkfo";ok.kh dk ekxZ n'kZu djukA rkfydk 2 vkSj fp=k 5 fofHkUu MsVk lsVksa esa lh,u,u&,y,lVh,e 
vkSj lh,u,u&chvkbZ,y ,lVh,e ekWMy ds izn'kZu dk rqyukRed fo'ys"k.k izLrqr djrs gSa] tks ;qx le;] 
Hkfo";ok.kh gkfu vkSj iSjkehVlZ tSls esfVªDl ij è;ku dsafnzr djrs gSaA ,iksd Vkbe izR;sd izf'k{k.k iqujko`fÙk dks 
iwjk djus ds fy, ekWMy ds fy, vko';d vof/ dks n'kkZrk gSA O;kogkfjd ifjn`';ksa esa] Rofjr dk;Z izfrfØ;k 
vkSj dq'ky okLrfod nqfu;k ds vuqiz;ksx ds fy, izf'k{k.k le; dks de djuk egRoiw.kZ gSA

idM+us dh izkjafHkd fLFkfr esa yphykiu

izkjaHk esa] McyMhD;w,u dh izHkkodkfjrk dk ewY;kadu eSfuiqysVj xfr;ksa ls izkIr Li'kZMsVk dh izHkkoh <ax 
ls O;k[;k djus dh {kerk ds laca/ esa fd;k tkrk gSA bl tkap esa liQyrk dh ifjpkyu ifjHkk"kk oLrq dks 
fxjus ds fcuk fLFkjrk cuk, j[kuk vkSj vafre idM+ fLFkfr izkIr djuk FkkA fdlh oLrq dks /dsyrs le;] dk;Z 
rc liQy ekuk tkrk Fkk tc og ,d gh fn'kk esa b'kkjk djrs gq, nksuksa gkFkksa dh ;qfDr;ksa rd igq¡p tkrk 
FkkA ?kqekus ds vH;kl ds nkSjku tc dksbZ oLrq vaxwBs ds dsan vkSj rtZuh ds fdukjs rd igqap tkrh gS] rks dk;Z 
liQy ekuk tkrk gSA gj ckj] gkFkiQhM cSd fu;a=k.k iz.kkyh ds rgr dke djrk gS] tks Mcy MhD;w,u }kjk 
buiqV ds :i esa orZeku lsalj MsVk izkIr djus ds ifj.kkeLo:i mRiUu gksus okys la;qDr dks.kksa dk mi;ksx djrk 
gSA Mcy MhD;w,u ekWMy us iznf'kZr fd;k fd fV~oLVeks'ku dk liQy fu"iknu 40» vkSj iq'keks'ku 60» gSA 
blds foijhr] Mcy MhD;w,u ekWMy us 80» esa fV~oLVeks'ku vkSj 90 esa iq'keks'ku liQyrk iwoZd gkfly fd;kA

rkfydk 3. izR;sd eSfuiqysVj xfr ds fy, fofHkUu fMtkbuksa }kjk izkIr lVhdrk izfr'krA

xfr lh,u,u vkj&

lh,u,u

lh,u,u&

,y,lVh,e

lh,u,u&

chvkbZ,y ,lVh,e

/dsyuk 60» 0» 80» 80»

eksM+ 40» 30» 90» 30»

rkfydk 3 ls irk pyrk gS fd fu/kZfjr dk;Z lwpuk ewY; dh ijokg fd, fcuk] tks 0-5 dh o`f¼ 
esa&1 ls 1 rd fHkUu Fkk] izHkkoh bu&gSaM gsjiQsj dh miyfC/ yxkrkj de ls de 80» ns[kh xbZ FkhA ;g  
ifj.kke iqf"V djrk gS fd ftu dk;ksZ ds fy, fdlh iwoZ izf'k{k.k dh vko';drk ugha gS] mUgsa dsoy dk;Z 
iSjkehVj dks cny dj iwjk fd;k tk ldrk gSA

blds vykok] oLrq dh izkjafHkd gfFk;kus dh fLFkfr ds laca/ esa izR;sd usVodZ dk yphykiu fu/kZfjr 
fd;k x;k FkkA ;g ewY;kadu XYZ iksft'kfuax ds lkFk pj.k dk mi;ksx dj ds vk;ksftr fd;k x;k Fkk] ftlus 
x-, y& vkSj z&v{k ds lkFk 0-1 feeh dh o`f¼ esa vkWCtsDV dh fLFkfr ds lVhd la'kks/u dh vuqefr nh FkhA

rkfydk 4- izR;sd ifjHkkf"kr dk;Z dh liQyrk nj ij tkudkjh

dke &1 &-6 0 -6 1

liQyrk » 80» 80» 90» 90» 90»

tkap esa gsjiQsj ds ifj.kkeksa ij ifjHkkf"kr dk;Z tkudkjh dks cnyus ds izHkko dk vè;;u djus ij è;ku 
dsafnzr fd;k x;kA tSls gh ifjHkkf"kr dk;Z lwpukeku&1 (fV~oLV dks bafxr djrk gS) ls 1 (iq'k dks bafxr djrk 
gS) esa LFkkukarfjr gks x;k] gsjiQsj izfØ;k /hjs&/hjs vuqdwfyr gks xbZA mYys[kuh; :i ls] tc dk;Z lwpuk 
ekudksa 0 ij lsV fd;k x;k Fkk] rks ,d eè;orhZ eqnzk vafre idM+us dh fLFkfr ds :i esa mHkjh] ftlls gkFk 
dks oLrq dks fxjk, fcuk lqjf{kr :i ls idM+us dh vuqefr feyhA

lkSE;Jh] xq#ehr flag] gjtksr flag fxy] lat; flag jkBkSM+ ,oa ef.kdaoj flag] ^^Mcy&MhD;w,u ds ,dhdj.k---**
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fp=k 3- oLrq dh idM+us dh fLFkfr

 
fp=k 4- CNN-BiLSTM dk lVhdrk xzkiQ                fp=k 5- CNN - BiLSTM dk MAPE xzkiQ

         rkfydk 5- ekStwnk ekWMyksa ls rqyuk

rjhds lh,u,u vkj&lh,u,u lh,u,u&,y,lVh,e 'kq¼rk » izLrkfor ekWMy

,e,ihbZ» 7-5 5-87 2-34 80 1-76

vkj
2

84 89-43 91-7 90 99-02
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(a) igq¡puk		        (b) /dsyuk		         (c) mBkb, vkSj txg ij jf[k,	 (d) <sj

fp=k 6- yky vkSj gjh Nk;kadu y{; fLFkfr ls esy [kkrh gS

voyksdu LFkku {k.k dh fLFkfr ds vuqlkj cnyrk jgrk gSA izR;sd dk;Z esa fxzij dk LFkku vkSj osx 
ns[kk tkrk gSA blds fu;a=k.k dk mi;ksx djds fxzij dh fn'kk cnyuk laHko ugha gSA bl izdkj] fuEufyf[kr 
funZs'kkad bldh laiw.kZ fLFkfr dks n'kkZrs gSaA ,d ;k vf/d oLrqvksa ds lkFk dke djrs le; izR;sd oLrq dk 
LFkku] vfHkfoU;kl] jSf[kd xfr vkSj ?kw.khZ xfr lHkh voyksdu LFkku esa 'kkfey gksrs gSaA blds vykok] fxzij 
dk mn~?kkVu] ;k mldh maxfy;ksa ds chp dk LFkku] voyksdu LFkku dk ,d ?kVd gS tc ;g ,d can fLFkfr 
rd lhfer ugha gksrk gSA

fu"d"kZ

;g 'kks/ lfØ; oLrq igpku dh leL;k dk lek/ku djrk gSA bl eqís dks Øfed fu.kZ; ysus dh izfØ;k 
ds :i esa rS;kj djds] ge ,d miU;kl xgu lqn`<hdj.k lh[kus dh :ijs[kk dk izLrko djrs gSaA gekjk n`f"Vdks.k 
fo'ks"k :i ls dUosU'kuy U;wjy usVoDlZ (lh,u,u) dksykWUx 'kkWVZ&VeZeseksjh (,y,lVh,e) usVodZ ds lkFk 
,dhÑr djrk gS vkSj b"Vre dkjZokbZ uhfr dks dq'kyrkiwoZd lh[kus ds fy, izkFkfedrk okys vuqHko jhIys dk 
mi;ksx djrk gSA D;w&usVodZ vè;;u ds vafre ifj.kkeksa esa cgq&gkFk gsjiQsj ds fy, dk;Z tkudkjh 'kkfey gSA 
Mcy DQN dks bu&gSaM gsjiQsj dk;ksZ ds fy, O;kid Li'kZ vkSj le;&J`a[kyk MsVk dk izca/u djus ds fy, 
fu;ksftr fd;k x;k FkkA ?kqeko vkSj /Ddk nsus okyh fØ;kvksa dh vko';drk okyh xfrfof/;ksa ds fy, dk;Z 
tkudkjh 'kkfey dh xbZ FkhA MhMhD;w,u tfVy Li'kZ laca/h tkudkjh dks laHkkyus ds fy, i;kZIr lkfcr gqvk] 
ftlls izkjafHkd le> dh fLFkfr dks viukus esa etcwrh vkbZA fof'k"V dk;Z tkudkjh dks 'kkfey djus ls ,slh 
tkudkjh dh deh okys ifjn`';ksa dh rqyuk esa bu&gSaM gsjiQsj esa liQyrk nj vf/d gks xbZA blds vfrfjDr] 
bl ifjHkkf"kr dk;Z tkudkjh dk mi;ksx igys ls izf'kf{kr nks dk;ksZ ds chp fLFkr u, dk;ksZ dks cukus ds fy, 
fd;k x;k FkkA vè;;u n'kkZrk gS fd dk;Z ekinaMksa dks la'kksf/r djds vafre le> dh fLFkfr fu/kZfjr djuk 
laHko gSA

lanHkZ
1.	 H. Chen, W. Wan, M. Matsushita, T. Kotaka and K. 

Harada, “Robotic Test Tube, Rearrangement Using 
Combined Reinforcement Learning and Motion 
Planning,” Jan. (2024), [Online]. Available: http://
arxiv.org/abs/2401.09772.

2.	 Y. Hou, J. Li and I. M. Chen, “Self-Supervised 
Antipodal Grasp Learning With Fine-Grained 
Grasp Quality Feedback in Clutter,” IEEE 
Transactions on Industrial Electronics, vol. 71, 

No. 4, pp. 3853–3861, Apr. (2024), doi: 10.1109/
TIE.2023.3274854. 

3.	 C. Acar, K. Binici, A. Tekirdag and Y. Wu, “Visual-
Policy Learning Through Multi-Camera View to 
Single-Camera View Knowledge Distillation for 
Robot Manipulation Tasks,” IEEE Robot Autom 
Lett, vol. 9, no. 1, pp. 691–698, Jan. (2024), doi: 
10.1109/LRA.2023.3336245. 

4.	 E. Okafor, M. Oyedeji, and M. Alfarraj, “Deep 
reinforcement learning with light-weight vision 
model for sequential robotic object sorting,” 

lkSE;Jh] xq#ehr flag] gjtksr flag fxy] lat; flag jkBkSM+ ,oa ef.kdaoj flag] ^^Mcy&MhD;w,u ds ,dhdj.k---**



62	 ;wthlh ds;j lwph esa vuqeksfnr 'kks/ tuZy foKku izdk'k] ISSN% 1549-523-X, o"kZ 22] vad 3] tqykbZ&flrEcj] 2024

UGC-CARE Listed Research Journal ISSN: 1549-523-X, VIGYAN PRAKASH : Research Journal of Science and Technology, Year 22, Issue 3, July-Sept., 2024

Journal of King Saud University – Computer and 
Information Sciences, 101896, Jan. (2023), doi:  
10.1016/j.jksuci.2023.101896. 

5.	 F. Liu, F. Sun, B. Fang, X. Li, S. Sun and H. Liu, 
“Hybrid Robotic Grasping With a Soft Multimodal 
Gripper and a Deep Multistage Learning Scheme,” 
IEEE Transactions on  Robotics, Vol. 39, Issue 3  
(2023), doi: 10.1109/TRO.2023.3238910. 

6.	 D. Han, B. Mulyana, V. Stankovic, and S. Cheng, 
“A Survey on Deep Reinforcement Learning  
Algorithms for Robotic Manipulation,” Sensors, 
vol. 23, no. 7. MDPI, Apr. 01, (2023). Doi:  
10.3390/s23073762. 

7.	 A. Lobbezoo and H. J. Kwon, “Simulated and 
Real Robotic Reach, Grasp, and Pick-andPlace 
Using Combined Reinforcement Learning and 
Traditional Controls,” Robotics, vol.  12, no. 1, 
Feb. (2023), doi: 10.3390/robotics12010012. 

8.	 M. H. Sayour, S. E. Kozhaya, and S. S. Saab, 
“Autonomous Robotic Manipulation: Real-
Time, Deep-Learning Approach for Grasping of 
Unknown Objects,” Journal of Robotics, vol.  25.	
(2022), doi: 10.1155/2022/2585656. 

9.	 J. Ibarz, J. Tan, C. Finn, M. Kalakrishnan, P. Pastor, 
and S. Levine, “How to train your robot  With deep 
reinforcement learning: lessons we have learned,” 
International Journal of  Robotics Research, 
vol. 40, no. 4–5, pp. 698–721, Apr. (2021), doi:  
10.1177/0278364920987859. 

10.	 J. Hua, L. Zeng, G. Li, and Z. Ju, “Learning for 
a robot: Deep reinforcement learning,  Imitation 
learning, transfer learning,” Sensors (Switzerland), 
vol. 21, no. 4. MDPI AG, pp.  1–21, Feb. 02, 
(2021), doi: 10.3390/s21041278. 

11.	 P. Shukla, H. Kumar, and G. C. Nandi, “Robotic 
grasp manipulation using evolutionary  Computing 
and deep reinforcement learning,” Intell Serv 
Robot, vol. 14, no. 1, pp. 61–77,  Mar. (2021), doi: 
10.1007/s11370-020-00342-7. 

12.	 M. Q. Mohammed, K. L. Chung, and C. S. Chyi, 
“Review of deep reinforcement learningbased 
object grasping: Techniques, open challenges, 
and recommendations,” IEEE  Access, vol. 
8, pp. 178450–178481, (2020), doi: 10.1109/
ACCESS.2020.3027923. 

13.	 A. Shahid, L. Roveda, D. Piga, and F. Braghin, 
“Learning Continuous Control Actions for  
Robotic Grasping with Reinforcement Learning,” 
in Conference Proceedings – IEEE  International 
Conference on Systems, Man and Cybernetics, 
Institute of Electrical and Electronics Engineers 
Inc., Oct. 2020, pp. 4066–4072. Doi: 10.1109/
SMC42975.2020.9282951. 

14.	 M. Q. Mohammed, K. L. Chung, and C. S. Chyi, 
“Review of deep reinforcement learning based 
object grasping: Techniques, open challenges, 
and recommendations,” IEEE  Access, vol. 
8, pp. 178450–178481, 2020, doi: 10.1109/
ACCESS.2020.3027923. 

15.	 IEEE International Conference on Robotics 
and Automation (ICRA) : May 21-25, (2018), 
Brisbane, Australia.  

16.	 IEEE/RSJ International Conference on Intelligent 
Robots and Systems :  Towards a Robotic Society : 
October, 1-5, (2018), Madrid, Spain, Madrid 
Municipal  Conference Centre. 

r




