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Design of Intelligent Feeding System for Stacked Thin and Light Express Packages

WU Pengbo'?, ZHANG Jinyan®, LIU Bin', WANG Tuo'

(1. College of Intelligent Engineering, Shijiazhuang Posts and Telecommunications Technical College, Shijiazhuang
050021, China; 2. Hebei University Express Intelligent Technology and Equipment Application Technology Research and
Development Center, Shijiazhuang 050021, China; 3. College of Network and Communication, Hebei University of
Engineering Science, Shijiazhuang 050091, China)

ABSTRACT: In order to reduce the labor intensity and improve the feeding efficiency of thin and light packages, the
work aims to design an intelligent feeding system that can replace manual labor. The Mask R-CNN instance segmentation
model was trained based on a big dataset from production site, achieving accurate recognition of thin and light packages.
The grabbing area of stacked thin and light packages was obtained by the technique of maximum inscribed circle in the
package masks. Through the motion path planning of the robotic arm, smooth grabbing of thin and light packages was
achieved. Double sided scanning of thin and light packages was achieved based on code readers and mirror reflection
technology. The experimental results showed that the intelligent feeding system achieved accurate recognition and reliable
grabbing and transporting of stacked thin and light packages, with a recognition accuracy of 90.02% and an average
grabbing success rate of 96.82%. The intelligent feeding system constructed based on these methods can replace manual
labor to efficiently complete the feeding of thin and light packages.

KEY WORDS: stacking; thin and light package; feeding package; robotic arm
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a0 3

RIED, S W EERR PGB TR eI RGBT - 189 -

2.3 EHHEHEMG AR
2.3.1 BHEMAIRHIEE) %

A TR A B s e, i ad RGO B IR
B R A SE R MG, ISR E ARG, U] 2 )
— IR BVHETEAERR R, FHorhuO g AR HE, 23l i
INHL, Ban, &3 ZE e = ass il X HES
F 00 32 A T AE 1) o0 7 8 LS 2 IR R R A
[, 75 245 % F Mask R-CNNUOISE 5] 43 30 485 750 35 B
W IR AR BRGS0 X 4% TP BT, 5 P
e,

Mask R-CNN J&—FlFHF B bra il Fi S o5-#)
IR BE 4 B, A HARKIIAE A Faster R-CNN

B3 i H pn G
Fig.3 Object detection of thin and light packages

7.

P231108002630
00jpg 00jpg 00jpg 00jpg 00jpg

- .'} ~

@z iy 3 -

PSR 3T —A o S TR SO E, BAE B ARk
MR, 0] A IR RS B s . 5 YOLACT
SOLO . PointRend 5% 5Z ] 43 HIAL A AH Lt , Mask R-CNN
FEAL ST 2% 5 S Wy R I LA T S R B

St RGEAE L bR P RN R AR R A
HE i TE A RE AR AE T 55 198 kA, %L
PEVEUE (AIBRTICFITRIE ) Jedei9 3] 12 144 5%
ARE R, WK 4, B TREEAMERZ | BELS,
7 RS, RGN BIIR SN 2 AN A A T
BRI IE T PL ( Package of thin and Light, PL ),
AN T B A S T PLN ( Package of thin and
Light Negative, PLN ), [& 5 il Labelme #1743
FRERR B, Hd, PL FRyE%iit 55248 4>, PLN #x
TR 33 423 4>, b 4rid 88 671 4>, UL, M
SRTE— ik B h A AR 2 A SRR, (H2 4R
P IMBOR I &, R & m ARk &
B B AT T 8 -

FERTRIYI ZRit , i R BEPL BN, | BEPLER 5T 45
7R AT 10 Y E, KE &R
J~ batch_size & 8 3K, IitHEAT 10 NMEFF UL
(epoch=10), #£ GPU [lx55 %% ( NVIDIA TITAN RTX
24G ) bEZEUIZ: 792 ho AR BRI SR AY 45 2 R % 3
20.23% (& 6 ), A7 HERA I3 HERT 2 ( Average
Precision, AP ) i5%] 90.02% ( & 7 ' bbox £k ), &
#1153 %) AP i5E] 79.29% (& 7 1 segm ik ), HiAY
PUNRCRANE 8 i, B bRTE T Rl a2
SIFNEAE B

P231108002731  P231108002830 P231108002931 P231108003031 P231108003131 P231108003231 P231108003330 P231108003431 P231108003531

00jpg 00jpg 00jpg 004pg 00jpg

P231108003931  P231108004131  P231108004231 P231108004331 P231108004431 P231108004531 P231108004631 P231108004731 P231108004831 P231108004931  P231108005031

00jpg 00jpg 00jpg 00jpg 00jpg

00jpg 00jpg 00jpg 00jpg 00jpg

P231108005331  P231108005431 P231108005532 P231108005631 P231108005731 P231108005831 P231108005931 P231108010031 P231108010131 P231108010231  P231108010331

00jpg 00.jpg 00jpg 00jpg 00jpg

00,jpg 00.pg 00,jpg 00ipg 00jpg

i N ) -

s s ¥ Sz s, . 3 N

P231108010631 P231108010732 P231108010831 P231108010931 P231108011131  P231108011 P231108011331 P231108011431 P231108011531 P231108011631  P231108011732
00,jpg 00jpg 00,pg 00Jpg 00jpg 00,jpg 00,jpg 00,jpg 00jpg 00jpg

P231108012131  P23110801 P231108012331

P231108012531  P2311080126: P231108012731  P231108012831  P2311080129: P231108013030

2

00jpg 00,jpg 00jpg 00jpg

00jpg 00jpg 00,jpg 00jpg 00jpg

i L s

- L o ! L ! £ P S =S . i Mo L faded fo S
P231108013331  P231108013431 P231108013530 P231108013632 P231108013730 P231108013831 P231108013932 P231108014030 P231108014131 P231108014230 P231108014331
00jpg 00jpg 00jpg 00jpg 00jpg 00jeg 00jpg 00jpg 00jpg 00jpg

K4 SRR R
Fig.4 Images of stacked thin and light packages



3% T R 2025 4F 2 A

2001
175¢
< 150F
¥ 125+
K100t
75k
50-
25)

EIIRIE =5 AUS € i AR
Fig.5 Labeling of thin and light packages

0 200000 400000 600000 800000 1000000
YZRREL

K6 BRI AR LR

Fig.6 Model loss rate curve

o
o

T-EPRERE %

W
(=]
T

[ed]
(=]
T

=
(=]
T

(o)
(=]
T

I — bbox

2 4

6
PEAGE
P 7 RSP PR L 2%

Fig.7 Average accuracy curve of model

e

a HEBRMAFPAIRCR

K8 BIRIPUNBHCR
Fig.8 Result of model recognition

2.3.2 TRTERHEGIME S

BUAE TR R B 7 X2 2 Bl WU
JE I phy T2 R R T A R P40, S kA 5!
M . TR 7 S USRI 3R Ge R T W B TR
AR o (FURE A LA SR, MU
AU WA I 2 B — AT A vl P A 1
O, SEURSA R B, DX R E R A4 TR
MEREE,

Kl 9a MR MEHRIRCRIE, IR0 6 4
B, BRSNS R AN 9b Fras . S EE
RS, ARGERM T 50 mm ELAR TP
Wik QR A A B (1 9b Y x)
PRSI L, W 9b 2207 A R 5 7
ER P PEAE O ST, 20830 ) W B — R TR
Ko NSLBERR R — AN, REE el
FRE IR B S RN BT (1B 9b i [l ) 40 JUA e i
K, e RN DIEELC (1& 9b A ) TR
Mo R, 4G 3D MIFLIRE BT 1 50 mm WA
ELARR A F R AU AR, o e dee R P D) [R5/
AATCHC A, AT 8 A BT 0 2 2 T TR — A
BeWEE o doe, AR MRS d R A D) (B AR A DR /I
F . 51 HUE & TR

SR VAP O P T e R AL VD B AR U R AR P 10
JIe7 o AR AR AR 2l — 5K R R R

b BRI BT
Ko HEBEMAFIUIBRR
Fig.9 Grabbing point of stacked thin and light packages



a0 3

RIED, S W EERR PGB TR eI RGBT - 191 -

JEP %Mask KB RN YIE U S0
TMUET | mmmanne [  BETR L o > BB
P HE R B Mask conyMakeBor der distanceTransform minMaxLoc Egmﬂ_‘x’d_;\-

K10 Fe s o A U B AR O

Fig.10 Flow of obtaining the maximum inscribed circle of the contour

AR Mask, MBI UGS R R TC B
WSS ER, HGEd OpenCV 1Y copyMakeBorder PRAL
25 Mask PUFEES IR EIOHE , HAR , it distanceTransform
PRI T BE B AR 4, 15 BB — AT R R S B B
TR R SRR, #id minMaxLoc PRBCREUE B
REIESE ST PN R A RSB TN I R IR S G O P IR i
A7 R DTG (B0, 4 R0 (B30 16200 ik 255 R €2 00 A 9
RIRT A5 B e A W B B . &5, 456 3D MPLEEE
BT AR X R AR R R, i B s K
YB3k /N AR s, TS 2038 A ORI B R =
AEHT o
2.3.3 HEHwEMAIT

5| USSR A, T 5 R Y
3D fi%, TSR MEELSR, TS
R, TG R A AR DE S ) T A T e A
%%, FIEFRHEAINE S KRR, A=
e/ IV BT 7 A TR A 2, AR T

1) MWPERHER ST UI#E 3D S =fdE, Fikdrss
R AL S S8, BRIRR SR

2 )il rgb2robot i FFEREE AR 1A 52 3 1) 5 K A 1)
5] 5% 4 B HLAE A bR R, IR SIS 3D sis Al
e, BT IRICEEA AR 3D A5 = TR 3k

3) &R BB, RIS 3D sl
PICH DX Il e/ INEL TR N7 5 A e o, 2885080, P 2838
B BRI A5 BB A I 23, 2R T | S p L 2
FTHMERL
2.4 HHEIEMRIEZE S & EiEE
241 HWEBEEZEIHEEAX

Ry S BRALAR R W A AT SE U 1, 75 A LA
B, DUk REtE , sl NsshBH T . ARG
WS iz shs AR 11 s, BAREEWT .

HHE

B LR s s
Fig.11 Motion path of robotic arm

1) HUBRH P SE SR R T 1, B
{4 5 ) P R 0 5K B 7 O L S
PR B PR R

2) RYuEE AL R IR 3, b
B2 S FURHE D IE E RO B 2, (0 2 Y R
TR 7 L e

3) BB S8 3 URERHEPE, (18 3 fich i
B VAL B N

4) TE A PEPEIRER T, FWELE AL SURI ] 5 L
Bk, A RGOR IS — AU A e , (1
B AR P 5 R TSR R 0 e
W G BN L P TR S U, (P
(i 3 B 4 W, — )7 % 5 R
B, A BRI s 5, SR
W2 BT WP RS 9 O
SRR T We., Hilt, FSWEPE L 3 B0 4
i SIS R E A7, E LB SR 4 L
A A LR S SR , I PHBE g X 40
LA

S) BUBRBF IR 4 WSS 1, 3
AL,

PRI R R R A T MR
AL S RMEE | B B BEME e Bk 3% i
MR, BRI 11 PR 3 20 4 5]
PG | AT AT TR,
SREBEPE GG 2 AR PR 2R
% ACAA
242 BHEEERIHN

PRI 4 T 61 F I P T 9 S B4 0 1
U, R SRR AL BUIISE R PL PLN,
SRR I, WS L T, UBLAR
W B AR PR B 2 AR B (1 12a),
LB 25 2 A H 5 AR I A RS
i, WBUBRIE AR 45°, RGBT
SRR PR S 2% PV B B0 2, UL 12b,

3 ARG

B et R LY nE 13 Fion, REE
B HLRHME R | B RHE L 3D ARPL . LB GIER
WEEA . MU . BAgEs . ROOTEE . LR L Ik
2546 . GPU T/Eu% (Intel Core i9-14900KF CPU .,
NVIDIA GeForce RTX 4080 SUPER GPU ) %540 Ji{ .



£ 192 - 1% T #

202542 A

a ERAREER b R AT

12 Bk AR s
Fig.12 Barcode reading of thin and light packages

kg ;
o LR 6 k4
A Qe
b %  Ofpexwa

K13 B Re I RS 1A
Fig.13 Physical picture of intelligent thin and light
packages feeding system

AR R BRI R RGO ERCR, (T 85
PEAREPES R ESEPIB LT, R Z RS (T 10

DA, RRE DL 1. IASS R B, PN
BURIIZR 96.82%, “FIMARCE R 572 H/h, @
DU B0, 5 SRR WA T AT %) = i PR Ry e i
AR A B e R ANIE A AU IICE, i 300 R 384 in 4z 3
&R MU R AT RS

®1 BEAEENR
Tab.1 Test of thin and light packages feeding

iéi ﬁiﬁfﬁﬁiﬁk BRI/ % FERT/s ﬁ:{‘iﬁff/
: 85 100.00 549 557
: 85 100.00 515 54
3 83 97.65 542 551
! 85 100.00 544 563
> 80 94.12 483 596
6 81 95.29 525 555
7 83 97.65 513 s
5 74 87.06 446 <on
’ 84 98.82 530 571
10 83 97.65 545 548

2 PR 1 RS 7 AR AT T AR 23
Hr, FrP MU OB 12 5 2 e BORE IR e 1, HA
Grl AL AT R AL U R R A
SR, AT UL, U SRS 5 2 1 U 2
Wi RGP RCR A EE R o LBk, al R T3
T 4 T AU, — 2P 3 m AR

x2 1SUREHEHHEENSN
Tab.2 Time analysis of thin and light packages feeding in Case 7

" B RES . e s HULAE U 2 5 ,

% =Rl /\n ol RS N ”S'

SR A B AT R AT S it
SHAERERT /ms 7 939.49 10 092.24 14 349.49 480 535.33 512 916.55
FERT 5 Eb/% 1.55 1.97 2.80 93.69 100.00

4 HEiE AMLPMERE RS, Dhgbk e 31 o 2 40 0 AL 508 Fil

ARG I S R g R, B T — T
BN TR BRI R G o FT A4 7= Bl KA
£EXT Mask R-CNN SE i o3 BB A T I 25, S2 B 1 5%
W ERRUN ;. 25 A WATE SRS, R ARG
Bt K VDB HE A, B T 2 0 08 R AT 3 2
HUBER I s AR LR, 23 T R 3R A R A UL ;. )
FH A 8 R T S SRR AR SEI T A2 A i LT
AL T R R AL

A ] A A — 2 gE, an 2 AR HTUER

M

S E 3k

(1] 75, GEFa, 4o b E ) R 20 Y SE iRl
YIAT NS [T]. M ERA AR, 2024, 79(8): 2083-2096.
WANG F, HOU J Y, NIU F Q. The Impact of Chinese
Residents' Online Shopping on the Physical Shopping
Behavior [J]. Acta Geographica Sinica, 2024, 79(8):
2083-2096.



a0 3

RIED, S W EERR PGB TR eI RGBT <193 -

(2]

[10] YANG Y X, XING Y H, ZHANG J, et al. GP-Net: A

TR, /LR HTIE I [ND. b e A SRR
2024-08-12(5).

WANG Y Q. "Small Packages" Bring New Vitality[N].
China Discipline Inspection Newspaper, 2024-08-12(5).
RIEP), k&M, £, 5. ET PP-ShiTu MR
WAFPUN R GEBTI]. T, 2023, 31(22): 63-65.
WU P B, ZHANG J Y, WANG T, et al. Design of Ex-
press Lightweight Packages Recognition System Based
on PP-ShiTu[J]. Practical Electronics, 2023, 31(22):
63-65.

beov o, BRil4e, 3%, 45 JLFamis it At
PEBOTHHTTEI]. HLAREETT, 2024, 41(5): 115-120.
RUAN X Y, CHEN Y D, GONG Y, et al. Design and
Research of Unmanned Packaging Device Based on
Omnidirectional Wheel[J]. Journal of Machine Design,
2024, 41(5): 115-120.

TIAN H K, SONG K C, LI S, et al. Data-Driven Robotic
Visual Grasping Detection for Unknown Objects: A
Problem-Oriented Review[J]. Expert Systems with Ap-
plications, 2023, 211: 118624.

AINETTER S, FRAUNDORFER F. End-to-End Traina-
ble Deep Neural Network for Robotic Grasp Detection
and Semantic Segmentation from RGB[C]//The Pro-
ceedings of 2021 IEEE International Conference on
Robotics and Automation (ICRA). Xi'an, China. IEEE,
2021: 13452-13458.

WANG S C, ZHOU Z L, WANG H, et al. Unsupervised
Representation Learning for Visual Robotics Grasp-
ing[C]//The Proceedings of 2022 International Confe-
rence on Advanced Robotics and Mechatronics
(ICARM). Guilin, China. IEEE, 2022: 57-62.

ZHANG H, PEETERS J, DEMEESTER E, et al. Deep
Learning Reactive Robotic Grasping with a Versatile
Vacuum Gripper[J]. IEEE Transactions on Robotics,
2022, 39(2): 1244-1259.

DIAZ-CORTES D S, HWANG G, KYUNG K U. Imita-
tion Learning Based Soft Robotic Grasping Control
without Precise Estimation of Target Posture[C]//The
Proceedings of 2021 IEEE 4th International Conference
on Soft Robotics (RoboSoft). New Haven, CT, USA.
IEEE, 2021: 149-154.

[11]

[12]

[14]

[15]

[16]

[17]

[18]

Lightweight Generative Convolutional Neural Network
with Grasp Priority[J]. APSIPA Transactions on Signal
and Information Processing, 2023, 12(1): 1-20.

ZHOU Z L, WANG S C, CHEN Z Y, et al. A Novel
Framework for Improved Grasping of Thin and Stacked
Objects[J]. IEEE Transactions on Artificial Intelligence,
2024, 5(6): 3134-3145.

DUAN S Q, TIAN G H, WANG Z L, et al. A Semantic
Robotic Grasping Framework Based on Multi-Task
Learning in Stacking Scenes[J]. Engineering Applica-
tions of Artificial Intelligence, 2023, 121: 106059.

SHI M, HOU J Z, LI Z X, et al. NG-Net: No-Grasp
Annotation Grasp Detection Network for Stacked
Scenes[J]. Journal of Intelligent Manufacturing, 2024,
2(1): 1-14.

LI X H, ZHANG X Z, ZHOU X, et al. UPG: 3D Vi-
sion-Based Prediction Framework for Robotic Grasping
in Multi-Object Scenes[J]. Knowledge-Based Systems,
2023, 270: 110491.

RIET), WM, WKIKE, T REE IR DL
MBI R G T [1]. BFHI1E, 2022, 30(7): 23-25.
WU P B, ZHANG ] Y, ZHANG B Y, et al. Design of A
Robotic Arm Visual Grasping System Based on Rasp-
berry Pi[J]. Practical Electronics, 2022, 30(7): 23-25.
R, T, S, . AR S e
R I 5T (0], LB S i, 2023, 393(11):
50-53.

LI X L, ZHOU Y, SUN X Y, et al. Resecarch on
Non-Contact Online Detection Method of Bolt Loose-
ness[J]. 2023,
393(11): 50-53.

KA. HET 3D A TC T HE S R LA ARG
R ARWIFT[D]. BFr: AR K24, 2023: 50-74.
ZHANG T J. Research on the Key Techniques of Robot
Grasping Disorderly Stacked Parts Based on 3D Vi-
sion[D]. Ji'nan: Shandong University, 2023: 50-74.
A, WK, MERBEL AR 6D AL TR
SHR[T]. WARIE T R 2224, 2022, 54(7): 136-142.
ZHAI J M, HUANG (L /Y). 6D Pose Estimation and
Unordered Picking of Stacked Cluttered Objects[J].
Journal of Harbin Institute of Technology, 2022, 54(7):
136-142.

Machinery Design & Manufacture,



