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Soil Surface Roughness Measurement Based on Color Operation
and Chaotic Particle Swarm Filtering

Li Li Wang Di  Wang Pengxin Huang Jianxi Zhu Dehai
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract; It is easy to measure soil surface roughness by using a reference white board with a scale, from
which the interface between soil and reference board can be detected and information of soil height can be
read. Considering the low efficiency of manual reading, compute reading will be a good choice. But the
impact of field illumination and weed interference makes compute reading susceptible. A soil roughness
measuring method was proposed. In the proposed method, images were acquired with simplified reference
scaling board. To process image automatically, color operation and threshold segmentation were used to
decrease the effects of weeds and shadow, and then the soil boundary and scale were acquired, which
would be used to measure the soil roughness. To improve the automaticity and robustness of the measuring
method, chaotic particle swarm filter was applied for threshold segmentation. The test results showed that
the soil roughness measurement method using color operation and chaotic particle swarm optimization
reduced the requirement to image acquirement environment, and could calculate soil roughness quickly
and efficiently, with the height error less than 0.5 c¢m, the root mean square height error less than 5% ,
and the correlation length error less than 1% , which met the requirements of soil roughness real-time on
site measurement.

Key words: Microwave remote sensing  Soil surface roughness  Measurement  Color operation

Chaotic particle swarm optimization

3| JER) — A HES R, B K SCRR P A BT
ST AEARON. M T | B 85 25 BF 5T SRR AT
8 RURE 2 R AE M FR AR AL AR R BN FEROE B, L ORLRE B R R

il

R H: 2014 -10—-13 & E H . 2014 -11-19
# [EH R H AR I 4 R B H (41201340)
TEE B M, /I ZE, RSO AR Y S, E-mail ; lilixch@ 163. com



%3 1

R A BT O R B AR MR T T DR T A kSRR 5 159

IR A A HU R BN E R R R
Shy Hb % R R BB BB oy 2 A R R SR
U, 7 - S R S v Ak R v, R R R S e R
VORE R A EEAR R L v PR gt
FEBE i — B LR B2 SO o 1 18 SR SR I BN A
Z—

W H 38 RS S T FE AY  HL R I S 3R L
P RLRE B2, 76 2 B RUKF J7 ) b 43 50 b 3R 35 7 iR
AR o6 B R D o MR T I Oy 5 R
[F) , AT 4 - 98 e TDRDRE B2 A I 55 5 3k 43 Sk 42 fih XA
B W AR T A Ak B D A A
P VAR RO A5 o Bk O B vk — e R
5[] 0 e R A 2% sl RS R T 1 2k, T a5
T2 2% i 3% 7, 0 s 32 fioh 8 157 1T R DR Ay 422 fk AN 0 )
b 2 IORE T 2 A A B% L LI RS B 32 Ir I o 2
PR 5 W) 25 K, A1 Ot D0 ik 49 A 5 R A TS I U W A2
ROAREALEL W o R ARk X 07 A
PREE (LT AMR BB A O H R R T R R
85 o SEARTEE HOR R 7 LAl R B i B o A 5
P LA B AR IR — B bR 45 &, 38 2 i LA ¢
A i TEDRURE B A5 8 o ST PR B85 B R R Dt 5
s R A I HC 28 DCRORS o 455 i 5 1) T 2 0 A
R i 5 T AEL K A I R X S 6 R
FOR BB AL BT ER 0 T SRR Y . A0 A
7 R 2E 2 T IR BRI 41 A R R T X M R S
ZLANER I 4R I 2 S AE B AR E R Ak bR, (H
J2 T 2 10 A8 b S i I RRR R0 R T R
PV 1 - SRR R P 0 Ak % SRR S D O i Il
PR AR TS B, 25 5 18 5 2 R U, 25 i i
HURE J87 5 R I IR R 22 A K T LS
TR 8O B R B AT A5 0 O OGO T
PR R = M ORI R AR AR R
MR, T2 M AR T, A &, H it
TER MG PR AR, DREFENE" FH2L
WAk 2 i B Bl 2 B A 508 3R B 3R 2 805 B B
P AR BUAS B A7 AE — M B . UG AL B4 R 1 & R
FECHS AH B A R B Sy - SRR B2 1% DU 2 2 4L T
[ 3L, Garcia Moreno %¢"°' 5 i 43 #r M8 H- o [ &2
PH T - HE 25 04 19 45 555 B 52 of T i+ 1 3% 10 R B
BEo ENT CEm S SN 0B HS % AR,
AR 5 MY A B R RE L DA SR R
B R EMR AL 7 2 HoAr R AR AL
KOs b 2 B SRR BE AN g A () R B R X 2 )
R R S — i TR Ak B AR AR T AR B
MG, IF B T 6 % 13 55 F0 IR 1R 1 B U8 4R IR
R R 4 A Bl - HERRE B D

1 BEBRXE

FIH 225 1 HRR BOECT BRI 38 0 2 4T
— PR A 2B R AR A D AR R O [ 15, SR
Je T U AR R BE A R o O TR A 2 B s i A S
WA BEICTAE A SCR K 110 em (%8 60 em 19 14
[ = A ST SR S B AT ol Y s T
3 4 10 em x 10 em B 1E B S5 7 HEAE Ry i
PR AR R4 S50 BT T AR 1 2 2% 07 fE HE | 30 2 BF
BN B 15 em) o TEBR AR BT, B AR A B
BRAKAZ ) s b o Oy TR R - SR A
P i/ U o B o o - 1 QA = R
TH], PR A WL B TE 1 B SRR, 42 K B R T AR
RS AT B i, R DLRE A AR T i %
A ERAL TR TR N DL R A AR R L E TR R A
ARG ELER T E o SRS, A B AR AL T 58
W7 UG (1)l AR b0 AR X g v 8 2 25 7
HERY oy o PR EAH BIL AT 45 5 B , H AT 7 B
FUARBLEY 43 B3 (KT 100 TR R ) FEa € B 14 hE
KEABEEOR

S
KL S B
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Fig.2 Overview of algorithm flowchart
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Fig.3  Flowchart of chaos particle swarm threshold
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Fig.5 Error curves of soil boundary between automatic detection and artificial extraction
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