561 % 454 + I E W Vol. 61, No. 4
2024 467 A ACTA PEDOLOGICA SINICA Jul., 2024

DOI: 10.11766/trxb202302070050
wEl, 2R, XU, BREErE, T 22T K-means BEMEGRHIN0E O LKA R R PHII]. LM, 2024, 61 (4): 939-951.
YANG Kai, CI En, LIU Bin, CHEN Yangyang, XIE Yu. Boundary Identification of Purple Soil Horizon Based on K-means Clustering and Image

Segmentation[J]. Acta Pedologica Sinica, 2024, 61 (4): 939-951.
ETF K-means BEAME G IWER T LS BEIAFIRG

Wy 1 1, 2 > 4 1 RVAYAS| N >, ]
#oout, & RV o W, s, M oF
(1. AR R RIEIREPE, TR 4007155 2. =W ZE XAl oG V5 Judas il TR RBFSE oLy, EHPE 400715)

OB TR T RN MR SRR LSS, B R A2 R4 5 R AR R SRR AR AR R A R . S
R53 R A 2 A B w0 R IR AT | AR E NG Z 58— R SRR Rl DL 568 BT FEEOR IF e X4, SR A K-means
REMEGEEAR, 456 EBNBEAE (CIE Lab (A# 25 ) FISFHRHE ( Entropy ) PSR +HIH & ERB R, Y
SR A S R T R . 25T (1) CIE Lab (%5811 a. b i#iE Al Entropy SCGHAFE, A LIRS H ] 1w i) 22
KAJR (AL B, C) AELE (R); (2) RPN LA BEEA LA BRE SR B ES R A3 B Z2 Hlimr C 2
Fl z6 HIH R Ap ERAEPUING SRR R A2 R I PR BEAI 228K (43900 13 em Fl 8 em ) Ab, HARLAE R Nl AR RE
FHZEIIAE 3 em LAN; (3) RIS KA JZ N SO R T AR, W] 5 BT RO . K-means BASHAENG - HIHAR S T
SRR A Z D RIS, AT IR RE AR R G R R 2

KR HImEGR; K42 Komeans BE; EBHE; B, S04

FESES: S159 XERERERD: A

Boundary Identification of Purple Soil Horizon Based on K-means Clustering
and Image Segmentation

YANG Kai', CI En"*, LIU Bin', CHEN Yangyang', XIE Yu'

(1. College of Resource and Environment, Southwest University, Chongqing 400715, China; 2. Engineering Research Center of Agricultural
Non-point Source Pollution Control in Three Gorges Reservoir Region, Chongqing 400715, China)

Abstract:  Objective Pedology begins with the observation of soil profile and its morphological characteristics. The division of
the soil profile horizon and description of the characteristics of the horizon boundary are the basis of soil investigation. The
division of soil horizon in the field requires rich practical experience in pedology and is more subjective, which makes it difficult
to form a set of unified division standards. = Method In this paper, the purple soil profile image was taken as the research object,
and using K-means clustering and image segmentation technology, combined with the color (CIE Lab color space) and texture
characteristics (Entropy) of the image, we identified the horizon boundary of the purple soil profile, by comparing with the results

of field division. Result The results show that (1) the a and b channels of CIE Lab color space and Entropy texture
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characteristics can delineate the master horizon (A, B, and C) and bedrock(R)of the profile; the a channel values range from 7-22,
the b channel values range from 7-19, and the Entropy values were 4 or 5; the Munsell colors converted by the CEL XYZ system
had a certain deviation from the colors visually discerned in the field using colorimetric cards, with a hue range of 10R-2.5Y, a
value range of 4-8, and a chroma range of 3-8. (2) The number of soil horizon and the depth of soil horizon identified by
clustering were consistent with the results of field identification; the difference between the lower boundary depth of soil horizon
identified by clustering identification and those identified in the field was within 3 c¢m, except for C in profile Z2 and the Ap in
profile Z6, where the difference was larger (13 cm and 8 cm, respectively). (3) The topography of the soil horizon identified by
clustering was more irregular and the distinctness was more blurred. The clustering algorithm can identify more subtle differences
Conclusion K-means clustering and

in the soil profile image and reflect the local variation of soil properties in more detail.

image segmentation techniques achieved the identification of the horizon boundary of purple soil, and this study provides a

scientific reference for the development of an intelligent identification system for soil profiles.

Key words: Profile image; Horizon; K-means clustering; Image segmentation; Color; Texture
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Fig. 1 Profile images of the tested purple soils
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Table 1 Profile information of the tested purple soils
‘ n o i
illiR=s i 45, B kAR ORE R PR PR
Soil color
Profile No. Location Parent rock  Horizon Depth /cm Soil texture Topography Distinctness
T2 Dry T Wet
Z1 FRBAENXERE RERE DS Ap 0~17 4 - WAE"  75R 53 7.5R4/3
Bw 17~51 e SEH KA 75RS53 7.5RA4/3
R 51~65 — — — — —
72 i PR VL XA A (08 Ap 0~20 MFEEL®  FE® A" 2.5YRS5/2 2.5YR 42
Bt 20~58 E T S WAs®  2.5YRS5/2 2.5YR4/2
C 58~68 g4 S WMY 2.5YR4/2 2.5YR3/2
R 68~110 — — — — —
73 PSR B R A LEPs . Ap 0~15 " R WA SYRS5/3 SYR3/3
Wb Bw 15~40 MHFRFHEL® PR AR 5YR5/4 5YR 4/4
R 40~52 — — — — —
Z4 MENTFACEM A REaRE RS Ap 0~15 LY PeR® HMi”  10RP6/3 10RP 5/3
Brl 15~54 =LY PeR® Sl 10RP 6/2 10RP 5/2
Br2 54~70 LY - 245" 10RP5/3 10RP4/3
R 70~82 — — — — —
z5 ERWRAEXAFfE LR Ap 0~18 s iEING Wi 10R 6/3 10R 5/3
Bw 18~37 b PR GEAE 10R 6/3 10R 5/3
R 37~50 — — — — —
76  HEERWANXAmINEE  Eais Ap 0~20 b St B®  7.5YR4/2 7.5YR 32
Br 20~63  MEL S WiE®  7.5YR4/2 7.5YR 32
E 63~175 b S PR R 75YR4/2 1.5YR6/2
R 75~92 — — — — —

*: Ap, BHMEE; E, IEAE; Bw, #EE; Br,

FEMILE R . Note: Ap, cultivated horizon; E,

A )Z; Bt,

BUE)Z; C, MFUZ; R, AL Bl 0L

albic horizon; Bw,

carnbic horizon; Br, redox horizon; Bt, argillic horizon; C, parent

material horizon; R, rock. The soil texture is the result of particle composition measurement.
D Silty clay loam; @Silty clay loam; @Slit loam; @Clay loam; GClay; ©@Smooth; DWavy; @Abrupt; OClear; (0Gradual; (DDiffuse
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Fig. 2 Horizon boundary recognition process based on K-means clustering and image segmentation
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Fig. 3 Color and texture features of the tested purple soil profile images
F2 HAEELTIHEALEENR Lab {E. Entropy BEREEBEZE
Table 2 The Lab and Entropy and interlayer difference of the tested purple soil profiles
HIHI5 Profile No. &4 )% Horizon L a b Entropy AL Aa Ab A Entropy
Z1 Ap 35 15 13 5 3 3 1 1
Bw 32 18 14 4 1 0 1 1
R 33 18 13 5 — — — —
Z2 Ap 32 12 7 5 7 2 3 1
Bt 39 14 10 4 5 0 1 1
C 34 14 11 5 6 2 3 0
R 28 12 9 5 - — — —
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Hlifi*5 Profile No.  &4:)2 Horizon L a b Entropy AL Aa Ab A Entropy
Z3 Ap 24 12 13 5 5 4 4 1
Bw 29 16 17 4 6 3 3 0
R 35 13 14 4 — — — —
z4 Ap 28 7 7 5 7 1 4 0
Brl 35 8 11 5 5 2 3 1
Br2 30 10 8 4 3 1 1 1
R 33 11 9 5 — — — —
z5 Ap 26 19 17 5 3 3 2 1
Bw 29 22 19 4 3 7 6 0
R 32 15 13 4 — — — —
Z6 Ap 40 13 12 4 1 0 0 0
Br 41 13 13 4 10 2 1 1
E 51 11 14 5 14 4 5 0
R 37 15 9 5 — — — —

: L. a. bl Entropy A& KAZHTEYME, AL, Aa. Ab HlAEntropy FAHAB KR AJZ 2 L. a. b Fl Entropy 25 946 %/ & .

Note: L, a, b and Entropy are the average values of each horizon, while AL, Aa, Aband AEntropy are the absolute values of the

differences between L, a, b and Entropy between adjacent horizon.

®3 HilEerHEMEERER

Table 3 Color conversion results of the tested purple soil profiles

fHINTR=S KA CIE XYZ H 405 19 Munsell 24
Profile No. Soil horizon X Y z Converted Munsell color
Z1 Ap 31 27 19 2.5YR 6/5
Bw 23 19 12 10R 5/6
R _ _ _ _
z2 Ap 24 21 18 7.5R 5/4
Bt 32 28 22 10R 6/5
C 25 22 16 2.5YR5/5
R _ _ _ _
Z3 Ap 15 13 8 2.5YR 4/4
Bw 18 1 8 5YR 5/6
R _ _ _ _
Z4 Ap 17 17 14 2.5Y 5/2
Brl 24 23 16 7.5YR 5/3
Br2 18 16 13 10R 5/3
R _ _ _ _
Z5 Ap 18 15 8 2.5YR 5/6
Bw 20 15 7 10YR 5/8
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gk
IR R CIE XYZ B4 1Y Munsell B €0
Profile No. Soil horizon X Y Z Converted Munsell color
zs R — — — —
Z6 Ap 37 34 25 5YR 6/4
Br 37 34 25 5YR 6/4
E 57 55 42 7.5YR 8/4
R _ _ _ —

e Fedf /509 Munsell Bl CIE XYZ Bifa2s [H5545 1Mk .. Note: The converted Munsell color is converted from the CIE XYZ color space.
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Fig. 4 Comparison of field division and cluster division of horizon
of the tested purple soil profiles
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Table 4 Comparison of horizon depth of the tested purple soil profiles based on different classification methods

IR )R SR =S by AR 2R
Profile No. Horizon Field/cm Clustering /cm Lower boundary depth difference/cm
Z1 Ap 0~17 0~16 1
Bw 17~51 16~52 1
R 51~65 52~65 -
Z2 Ap 0~20 0~18 2
Bt 20~58 18~61 3
58~68 61~81 13
R 68~110 81~110 —
Z3 Ap 0~15 0~13 2
Bw 15~40 13~40 0
R 40~52 40~52 —
Z4 Ap 0~15 0~16 1
Brl 15~54 16~53 1
Br2 54~70 53~67 3
R 70~82 67~82 —
z5 Ap 0~18 0~16 2
Bw 18~37 16~38 1
R 37~50 38~50 —
Z6 Ap 0~20 0~12 8
Br 20~63 12~60 3
63~75 60~76 1
R 75~92 76~92 —
3 i ©® BB, S5RERAEMCRRE, FIAE T
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P8 R 80 B P15 01 v i A AR AR
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Table 5 Topography and distinctness of the tested purple soil
profiles horizon based on cluster division
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Profile No. Horizon SHERAR 0
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