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The ROS-QT-based Multithreaded Sensor Data Preprocessing
System for Safflower Picking Robots
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Abstract: [Objective]The paper addresses the challenges of real-time perception and control faced by safflower harvesting robots in
complex farmland environments, particularly focusing on multi-source heterogeneous sensor data processing and rapid response to
environmental changes. [Methods]A multithreaded parallel control system based on ROS and Qt is designed to tackle these issues.
The data processing utilizes a producer—consumer model to achieve real-time parallel processing of multi—source heterogeneous sensor
data, enhancing the efficiency and robustness of the system. Field experiments were conducted in a safflower field at Hongqi Farm,
Jimusar County, Xinjiang. [Results]The results showed that the multithreaded architecture significantly optimized resource utilization
and reduced end-to—end latency by approximately 19.3% to 25% in complex scenarios. By task decomposition and parallel
processing, the multithreaded configuration reduced CPU usage from 90% (in single—threaded mode) to 75% - 80% under high load
conditions and significantly smoothed the memory usage curve, improving system stability. The project has signed technical service
cooperation agreements with 35 farmers and cooperatives in Xinjiang. [Conclusion]The research findings have significant theoretical
and practical value for promoting the mechanization of safflower harvesting.

Key words: afflower picking robot; multithreaded control system; parallel data processing; parallel control

Wi B 2024-11-21 f&E B HA:2025-01-08
ESTHE:#MBEER ALK A RHAFELT A (2022D01A117)
F—1EE R HA1979-), F W, 8l HE A 50T, A FH EED R ALH R L EE AR, E—mail: gh97026@126.com



-118- % Mmook L kK F ¥ R % 56

BERS A 1 S 8, A AL ANAEAR i A2 7 S8R 7 T A BB . AR T BRI 10 &2 2 27 X HLAR K
SR AR Ak BCRPEH T B BT SR B MUACR ML AR v N TMSRACR , ml 48 i T3 3~5 47,
AR AR 2 2/3 B TR SR I, ZLAERARHLAS NSRS O AUBCR W i B0, 2L AE R LLAERY
WG AR BR G SUAR Bz I B R N ZLAE 7 b 2 — , £TAE T DAAR S5 A AL R AR A Y B
HLPEXS LA AR 2 55 T RE APt 1 By 2R ARk, [ A A B AL AE WAL RO T 1
REWFTE . EAMIFFEN B 32 Z ST RAR AU 25 F B MR BE Al . RAEISTAE T DI 5 i s 17410
FERAHHL , 38 i BN B L BRLL AL Y E 1) 22 5|, A SRR T R A i A B AE 22958475 . SAFART 5388 3 % U AT
FE TN M 4 U AR A 7 i, 5 BT 07 R AR LN 242 28R AR AL B I8 25 8 E R W A A
AR N LLAENURAL KA AR M T AT SE R BORTT 5 0 [ N IFSE 2 AR v A R AR LA ) R R R e A
SEITI o AERAFAUG BT FETT T, B DA ST T LA RO 1 i Je SR AR B, 3l Wk 5 FRASE AT A4 B
IV IS BRAE 22 7€ 16 ReAfl] , I F FH ANSYS/LS=DYNA X R A i R AT S A B0 H7 , LAl 1 KBS M 250 5K
A [ SR A 45 SOBE e VIR AR K | SR FMBURHIE e 70 7 it 1 5 RCRABMERTL , XU RIHLBE AN B g 2k
AT TIRAGE . AER REAL R 7 i, CHEN 2538 i 51 A 2ot i AR AR S O L A0 28 5 I8 7, B8 4R T T
YOLOv8s 5 A 52 2 A PRI T B ZLAEFUNPERE™ s A LI H , i e 55 A6 T Bl ok WORE SRV i R Al AR A 1K
TTEA BRI T 22 53 FAR I P IR

T H BT TE C AR ZLAE LB AL R 378 S B B T T B T R 81 0 % < A S A LI T T, SR P SC it ) IR 5
VA SRAR A B 4 8 14.7%0~239%"" s AERAF WU BT B, BT U)CRAFIT RSB T 94.63% YR 15 1 H bR
WU J7 T, B TR 2 2] SR TR SE PR 3R 21 90% LA B SR AR i) 6, AR Z R AL T, 218
1% SR B 1) 92 I AL BRASCRATY 5 1 — 20 32 T o AL GE B2 R Ak By 12 e LA 2 3R 8 R S IR P RN B
AR, EHEH FT , ROS (Robot Operating System) DA HASE S AL BT FIZ LA B], © MU I R A ALEF AHY
KHET AN,

P HLEF ABETEW S 2SI, AL H6 RGO AL IR A s AL BRAETT . BECHAR 28 MZRIR X X 4656
SRR SR It MY | B IR ST ST A . AR R SR JT 1T, POST SR HY AR AR By Ak Al e A R 92 BE
T A T UMM A T BECHTSIS 45 H iR AL 7341 =X ROS 2R A4 R BT AL 478 ol 452 Ty RE A A
PARRE 1 o ARWTSELE L EERN B, 51 QT (Qt Toolkit) HESR AL A0 Kl 48 BN AMLAZ B, LUS T R G2 1 SIS P fE
Al e . VELAMALA S5203F ROS il Qu 1 2% [ Bt A2 -5 M4 S I, J0nik 1 S M s 4R iy ml A4
IR, ZWE 5T B R A TRl nT AL, X T 2 ARk RS T 245 s Bl p IR AT A Bk = TR AR . AT
B HH — Bl I 1) 21 AR R AR AL AR A9 ROS-Qu Z R I AT R G, LR GER L T ROSHEF M QU L EIZIN Z R
DR LU REAS 15 2 2L AL RAW AR K , S B AR e WL 8] 10 S DIME , I 25 4R TR AR R B, S 2 AE R A
HLAS A SIS 7 RE A 1l 4 BT S8 B

1 RgEAMEIET

BT — P T ROS F1 QUi LR R GE, R AT 5 IR ARM BT, B AR I X 1AL R HLAR A AR %
RSP A PEE . 11 AT 58 F R ) EARUCR - Bl R 422 (ROSTEARZ KUa A BEZ 2 LR Hh
SRR B, GrJZ BT T D RERL AT S5O,

1.1 O REGFH=FES

CLAERARALAS ANAEA T BRI v T 1 22 U5 5 4 00 Ak PR ) R A3, 2SR 0k 22 A T ) 50l R4 7 s A ¥ EL R
B SCIF WAL AE ST o AR E LSS AL AR B R (51 GB - min ) Xof PR SRR 4 Y01 280G T B2 PR s b
PAPRUERS BE 5 w2 0 IMU %0305 (>200 Hz) ] T S0 228500 T, (RIENLAF AFE RS 3. TR BRSE DR 3R iR sl Aok 42
2G| A M P SRR A RO XERE o A, R ARSI AL PRI Y 5 2 1, 0 F ARG IR 2 A8 M 2T AR S0 Y
BEHLAE X B A A B0 ORI AN 1 2R GE B 11 B R 2R o e A L AE VR R 37 o o v 7 20 R Bl A 5
Pk 2L [ fof ik 2R AIE O, B AT A ER PR .l T AR BT BRI BR , w5 B AL TR 23 BO S s L e R A A ] &
Mo DR X SE Bk, AR GE AR IR AT R A Y SR AR R ) AR A B R SR R
TEME




% 14 3OS A TFROS-QTH LRI EA S KR BHBETALER% ~119-

R R P 3 AT
System monitoring interface User interaction layer Data visualization
[
AR AR TH PeE L At
Producer thread pool S TRE R Consumer thread pool

(A i R L) Multi-thread coordination layer (B FAL B A B R )

(Sensor data collection thread) (Data pre—processing and processing thread)

Bl
ZZ X IMU %4 RGB &% R E% GPS %idi Data processing layer
Buffer zone IMU data RGB image Depth image GPS data
I AL T R e L
Imﬂ.ge prU(‘,E‘,SSlng RGB ima . D h . . Tlme synchronlzallon
ge conversion epth image processing
module module
I
ROSEIRZ
ROS communication layer
AT W TR .
Topic publishing communication Service subscription communication arameter server
Bl AR =
Data collection layer
- ML Camera IMU &8ss CPS e R
(B A+ (Color+depth) IMU sensor Wheel odometer

Bl SEZRHE

Figure 1 Five-layer architecture diagram

1.2 ROS-QtEZRERK 5

QUE K- & W FF ZAESE , B (5 S A ML 2 B SO R IR sl SR, HAE S A ML ] S B 42
TF] B PR A5 T A, R S A B A R T R BOME S . R AR STk T & G R AR )38 15 ML R B A1 T F
R QU FAFIGIRLE 6 PR R e X SR ) S B 1 o 3 SRR A QUAE RIS & FJF & SR 2ok
EHLES NSRS R G0 B LAE R S 5 AR S PR, AT T3 T ROS F Qe 2R BRI T4 R 4 -
RYR A S 2T, S T D REARER A SR

(1B RAEZ : 7157 Z AL IR IR B AT R . REEFLAADUBHLRCB+IRE) IMU f£ 4% .GPS
IS SR B 2 A T LA A R A, W R G X PR B B 1 75 K

(2)ROS A5 )2 : FF ROS (W K AT -1 T Bl HL , 3 32 175 R5FN 74 2 BAZ) S 30 mT 58 ) 508 4% i, AL ROS (1943 7
R RSB 2 R AR A 1. 51658 ROSTT B AL HRLy sUAN ], AR 22 G0 R 2 2R RE MR BL I X 3T ) £ i
PEATIFATALER . S bR T I £ AR 0 1) 8 A B 1 3 QuAE R b, T Qt (A S A L S BT T ) 50 114 S A0 e
B A RGRE T AL G0 LR R T 15 b B H 0 5B 1 2 ) A

(3)E I A B2 AR R GE R A OB | F2 BEERA T RIS 4 B R Isf (1] )20 Ab BRASAT 55 o R = H -TH 9
BRI bR S A 1L A B AT I AT WA 3, 2R RRAE RV 9 5, T4 7 1 DA 2% i DX BRI , AUE 7 e (] [ 25
SEAHRAT S5 o FERRAEBAR T BN BT 1H , 7R G0 AN R 2 TR ) A% IR R T A T A A B AR AR

(4 ZLARUIAZ T Z RSB B A AT AL Bl A5 PR AR A A A B I . A 7 3 R 01 TR A R



-120- oMok L kK F ¥ R % 56 &

5, I B H LA T B PO PRAT 55 . dlad ROS B9 [l PR AL AT Qu i {5 S5 MLl S AR R [R] 25, e 2R ™ 3 AT
B F LA A B AN A PRAR LB QUIEZR b R DT B K A S b B R GRS E T

G A H)Z T QUIESRF R FIE S mT , S R e M 5 2 e & A il T WAL T

25 2 B E i B AR B4 5 2 ) i A AT 55 AT BRI 23, A R ML E AT HAR B IS 51
PR T P R TR A B A S R, 2 R AR B AL SR U T B AT AR BRRE 0 RGER
Sl A PR A O TR IR ZE o p B 2 AT, AR ST R B ROS 1 Qu i) 22 ER R A ] 28 G A 7™ 3 R Bl
2R AR A QAN A BRAR IR QUIEZR rh, 870 M T QuUAE SR ) 8 AL A8 PRLBE J A ROS 14973 A 23 {5 M ik — 20
RTH T RGERIHATABERE ST, R OREF5 ROS Y iR HFAT18 47 .

ZEWHE | QuEL WAL Qt main thread
Multi-thread = = =
coordination  {#ca b 9 # £ B Producer pool 1&5‘225;{*;&(?}5%#%‘%&@&
ayer ! onsumer pool )
PG GRS o~ @1
Data processing ﬁ
Y4 28 |

Sl AR Generate
IR | Receiving sensors commands
=

eck buffer
status
I es

&8

tead data_ <5 P> o =
A N e Yo

léé | 000 IMU - VAN
e 22 wh X
o o  — A i o

ROS #dfi it
User interaction
et SRR

v Inter—thread data flow

AR I

Path planning

JUH ROS 24 Update ROS parameters

E2 ROSFIQtHIZ LRI FI RS
Figure 2 Multithreaded control system of ROS and Qt
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Figure 3 Parallel processing architecture based on the producer-consumer model
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Table 1 Thread configuration and its usage
LARNC S Hig ik
Thread configuration Purpose Description

LRI, 15 1 R G AEA R RE

AR N T AR M R GRS I T PERER

1P1C Baseline testing, measuring system basic  Single producer single consumer thread, testing system performance under the
performance most basic conditions
VAL U 2 B AR BRI I — R B AR, BRI B B AR WA B R TR, B B
BT A4k HEH 0 ZRAR AL T RE 7 2 A5 A L
2P1C Evaluate processing bottlenecks of single ~ Add one producer thread while maintaining a single consumer thread to evalu-
consumer thread with increased data ate if the processing capacity of the single consumer thread becomes a bottle-
sources neck when data sources increase
B A S PG R  WEEIHAT A RN 90 SRR B AR SF , BEUE 7 5 1 SR I AR A, WL R e e
FEARTTE e JnIFATEE R HERE TR
2pP2C Simulate balanced producer—consumer  Equal number of producer and consumer threads, simulating balanced produc-
relationship and observe performance af-  tion and consumption state, observing system performance after increasing par-
ter increased parallelism allelism
TR T RGBT LSRR AT T 0] 242 BRI AT R BAR R SLPR B L, A R
BEVERE WRIREE T AL IR AT Ab Bk RE
4pP2C Evaluate parallel processing performance  Real-world scenario of safflower harvesting robot collecting data from multiple
of multiple sensors in complex environ-  sensors in the field, evaluating system performance in parallel processing of
ments multiple sensors in complex environments
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Figure 6 Box plot of data processing latency under different operation areas and thread configurations
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Figure 7 Performance in scene A
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Figure 9 Performance in scene C
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