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Table 1 Chemical composition and physical properties of
materials used in the experiment

Material
Component/% Property

PC FA SL
Si0, 23.95 38.48 33.18
ALO3 8.33 31.46 17.94
CaO 54.30 9.41 35.48
Fe,03 3.26 12.41 1.55
MgO 2.04 2.20 6.76
SOy 2.70 1.59 2.59
K,O 0.82 0.85 0.62
Na,O 0.26 0.02 0.17
Loss on ignition/% 2.96 2.55 1.08
Density/(g-cm™) 3.03 2.25 2.55
Blaine/(cm?-g ) 3520 4530 4220
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(b) Binary image after thresholding (c) Orthographic top-view image after correction
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Fig. 2 Process of perspective correction for the reference image

fERMREE S, ICRERE S S
HE L B ORFRE 52, P 0k R v i B 15 38 F) AR 46
Fo R T BN 51 A HL N i A
HIFT Sl 1 e A BB AR IE, Rk

A3 HTEESL B — ) =S () FE U
1.3.2 HRY BILEAE b E gh4E SAM2

5 YOLOvI1 P Fh AR s E 3 i R i sh 3 g i

SAM2 s& —FhJE T Transformer Z2 ) [ 40 5 JE itk
BEAINS], - JLAATO R 53 FI(VOS)BE 12 SLBILA TAE
Eﬁm&*ﬁm W 3 fias, SAM2 JdEid 54
88 Feongmhtas 5 AR A% 1 U 5] AR SR AE Ak
BRYHEME(Mask), PRI H MR R X300 —E -
1% . [EEEERE, SAM2 5N TiciZ a1
I TE 17, G i 245 K 1T 52 ) 23 SRR AE A N AR

stk ®, He, YOLOvIL T #ilk Wmemw)T&ﬁ%%WﬁLﬁEiﬁm%ﬁ
HALE, RIS REEALPR; SAM2 I Fi# M TR SRt NIRRT 2% B FridkaT =S
Ganil %B‘Jlﬁ?ﬂﬁﬁm
ey «[e“ﬁzz’d‘;?}ﬁ;
i : M —»| Mask decoder —i—>
‘ _;L’ enr:c?ﬁ:r attzr:t(i)z 4 4 4 " ‘

Image sequence frames |
\

R
Mask  Points Box ’; Sequence masks of paste

B3 SAM2 R R R
Fig. 3 Schematic diagram of the model architecture of SAM2

SAM2 L EREM 2 MR B3 E
(Automatic Mask Generation, AMG)- 5427~ 73

II"

T AMG BT/ BRI RR L 3.1 5), A
TAERARR B 1ZA KN R E B



254 55 3 M

FOB S T RN RIS R AR R AL

* 1009 -

TEREIN, ToiEE F R EAE IR X IR AL
ARMEZAER, I T YOLOvIT #A,
YOLOvI1 1ER—Fhm) B bn ki 2, 3
A 4 Frn, BET ML S0 2% KA
KM R, A8 A A G R U E 47 R 8 H
Fro i LA Labelme #5iE K 100 k&K maly &
E &% YOLOvVIL #E47 114k, {3 ELREAEAE B 1R 5 A1
ARG it A (B AP LART A, B O S AR B
VENBL B R B E SAM2, M 38 314 VOS

W, LIy RS RN E S
PRI .

VOS BENE 7873 M AL FP A5 5, 7E45 7€ i
WoRJa, R BIERAL 3 2 BAIP S, X —FF
PEA R vk 1 IS Aa Iy B TSNS F Al A B
FiR . B 5 iz TRer LA A B AECLE AL
RO 58 2 I M RARBEAT 17, ARt RE G 17
ARz 5 2, I ST TSN BOs 70 44 14
HAKFLIER -

—»| Backbone |=—¥

Neck

)'

-
77 -
—

- Head

Initial frame of video

_______________________________________

YOLO vll

Detection result and
center point prompt

K4 YOLOVIL fffsiAd 4 s
Fig. 4 Schematic diagram of the model architecture of YOLOv11

(a) Final frame of video (for prompt)

(c) Segmentation mask of final frame
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(d) Resulting mask on initial frame via VOS propagation

K5 VOS Thagdt T a1 Wi SEH HIan Mt i 7> 1
Fig. 5 Segmentation of initial occluded frame via VOS function based on a prompt from final frame

1.3.3 OR&RITIRLE BB IE AT RO B B
ALK LR E, EAE IR sl B 5 1 A
TSN, AT A RRE B AR
TAERIN . LA 7 i B R B S N A AR A

5, SEUEASEIN A3 4802 NG B e
SERRERAT B, A R R PR R 2 . N,
AL TR T E I T SR R,
e 6 Fras.



+ 1010 - CRERR Th 223400

J Chin Ceram Soc, 2026, 54(3): 1006-1015

2026 4

_________________ _QCamera
! Rah Refractive index of air: n,
; R Refractive index of glass: n,
E /’/ i hy
A ! c S
it 'y \ Glass plate
0; Zl A3 paper Ly

Ko M-It rtH

Fig. 6 Optical path diagram for refractive correction
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Table 2 Comparison of final spread diameters before and after refractive correction

Video ID Measured value/mm Uncorrected value/mm  Error before correction/mm Correction value/mm Error after correction/mm
1 115 118.55 3.55 115.74 0.74
2 125 129.73 4.73 126.47 1.47
3 121 125.95 4.95 122.89 1.89
4 134 137.74 3.74 133.38 0.62
5 178 181.23 323 177.05 0.95
6 194 197.80 3.80 196.01 2.01
7 186 188.17 2.17 184.70 1.30
8 203 206.45 3.45 204.75 1.75
9 234 236.71 2.71 235.80 1.80
10 241 244.93 3.93 242.83 1.83
11 257 259.15 2.15 255.92 1.08
12 251 255.30 4.30 252.57 1.57
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Table 3 Key dynamic and rheological parameters of representative cement pastes

Sample w/b ratio FA/% SL/% SP/% Diax/mm Vimax/(mm-s1) tstable/S tVmax/S 70/Pa n/(Pa-s)
SL40-NSP-0.50 0.50 0 40 0 140.78 201.32 22 0.2 7.52 0.258
SL20-SP0.10-0.45 0.45 0 20 0.10 141.21 183.71 3.0 0.3 6.26 0.255
PC-NSP-0.55 0.55 0 0 0 168.66 241.81 3.0 0.4 7.11 0.132
SL30-NSP-0.55 0.55 0 30 0 169.48 326.18 2.6 0.2 7.80 0.125
SL20-SP0.40-0.45 0.45 0 20 0.40 229.43 494.62 143 0.2 1.41 0.090
C20-SP0.40-0.45 0.45 10 10 0.40 232.58 410.60 18.5 0.3 1.25 0.097

Notes: Sample ID is formatted as "Binder-Admixture-w/b". For example, SL40-NSP-0.50 denotes a paste with 40% slag (SL) as binder, no superplasticizer
(NSP), and a w/b ratio of 0.50. "C" refers to a 1:1 composite of fly ash and slag.
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Fig. 10 Dynamic flow characteristics of two cement pastes with similar final spread diameters
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Characterization of Cement Paste Flow Spread Process Based on Computer Vision
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Engineering Materials for Major Infrastructure, Sobute New Materials Co., Ltd., Nanjing 211103, Jiangsu, China)

Extended Abstract

Introduction Rheological properties of cement paste are critical factors governing the workability of fresh concrete, significantly
affecting construction performance, structural safety, and durability. Although rheometers provide direct measurements of parameters
such as yield stress and plastic viscosity, their field application is often restricted by equipment costs and operational complexity.
Consequently, the mini-slump flow test remains a prevalent method for evaluating workability due to its simplicity. Theoretical
frameworks allow for yield stress calculation based on the final spread diameter. However, conventional analysis relies solely on the
static final value, neglecting the dynamic flow process. This limitation results in a failure to capture dynamic information related to
plastic viscosity, which dictates the spreading rate and flow duration. Recent computer vision technology has demonstrated a broad
potential in construction materials research. Some previous studies attempted to record flow spread using cameras, they often suffered
from reliance on manual data processing, insufficient precision, or requirements for expensive high-speed imaging equipment. To
address these limitations, this paper was to propose a high-precision characterization method for the flow spread process of cement
paste based on computer vision. This study could achieve automated, dynamic, and quantitative analysis of paste flow via integrating
the You Only Look Once version 11 (YOLOv11) object detection model with the Segment Anything Model 2 (SAM2), and
employing a dual geometric correction system, providing a robust data foundation for inverting rheological performance.

Methods P-O 42.5 ordinary Portland cement, fly ash, and slag were utilized to prepare 80 groups of cement pastes with varying
water-to-binder ratios (i.e., 0.45, 0.50, and 0.55) and mineral admixture dosages ranging from 0% to 50%. A polycarboxylate
superplasticizer was added to regulate fluidity, creating a dataset with diverse rheological properties. The image acquisition setup
consisted of a smartphone camera fixed 400 mm vertically above a 10 mm thick tempered glass plate, with an A3 paper sheet placed
underneath as a spatial reference, recording videos at 1920 x 1080 resolution. The proposed characterization method followed a
sequential pipeline comprising four stages, i.e., perspective correction, automated segmentation, refraction correction, and dynamic
parameter calculation. First, to address trapezoidal distortion caused by oblique camera angles, a global homography matrix was
calculated via detecting the four corners of the A3 reference paper in the final video frame. This matrix was applied to the entire video
sequence to restore an orthogonal top-down view. Subsequently, a combined deep learning approach was employed for segmentation,
where YOLOVI11 detected the mold position in the initial frame to generate a "point prompt" that initializes SAM2. Leveraging its
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Video Object Segmentation (VOS) capability and memory mechanism, SAM2 automatically tracks and segments the paste mask
throughout the sequence, effectively resolving occlusion issues where the mold or operator hands could block the paste during the
initial lifting phase. Following segmentation, a refraction correction model based on Snell's law was applied to eliminate the visual
displacement caused by light passing through the glass plate, establishing an accurate physical relationship between pixel width and
true scale. Finally, the spread diameter D(¢) and instantaneous velocity V(f) curves were extracted to quantify dynamic behavior based
on the corrected masks.

Results and discussion The experimental validation confirms the high efficacy of the proposed method in both automated
segmentation and measurement accuracy. In terms of segmentation, the prompt-based mode utilizing YOLOv11 and SAM2 proves
superior to the automatic mask generation mode. The model effectively propagates mask information from clear final frames back to
initial frames via leveraging the VOS function, generating continuous and precise contours even when the paste is partially occluded.
Regarding measurement precision, the constructed dual correction system significantly mitigates errors. The experimental results
indicate thatan optical distortion causes a maximum relative error of 4.1% without a refraction correction. The application of the
refractive correction model reduces this error to within 1.6%. A validation study involving 80 groups of pastes shows a linear
correlation between the calculated final diameters and manual measurements, with a coefficient of determination (R?) of 0.999, a
Mean Absolute Error (MAE) of 0.87 mm, and a Mean Absolute Percentage Error (MAPE) of merely 0.49%. Based on the accurate
extraction of D(f) and V(¢) curves, four dynamic parameters were defined, i.e., final spread diameter (Dmax), peak velocity (Vmax), flow
stabilization time (fsable), and time to reach peak velocity (fvmax). Crucially, the analysis demonstrates that distinct pastes can exhibit
nearly identical final diameters yet possess significantly different peak velocities and flow time. This discrepancy indicates that static
measurements alone fail to capture variations in plastic viscosity and flow dynamics. The proposed dynamic indicators effectively
capture these distinctions that conventional static tests fail to distinguish, offering a more comprehensive description of flow behavior.

Conclusions This study established an automated segmentation method for cement paste via integrating YOLOv11 and SAM2,
which could effectively solve the dependency on external prompts and address occlusion problems during the initial flow stage
through a memory-based mask tracking mechanism. Furthermore, a dual error correction system incorporating perspective and
refraction corrections was constructed to quantitatively rectify geometric and optical distortions, reducing the maximum relative
measurement error from 4.1% to less than 1.6% and ensuring high fidelity of physical dimensions. Based on these foundations, a
dynamic quantitative analysis method was proposed by defining key parameters such as Dmax, Vmax, fstable, and frmax based on the
dynamic curves. Compared with conventional methods, this dynamic characterization could offer improved information density and
automation, achieving a more comprehensive characterization of cement paste flow behavior through quantitative analysis of the flow
process. Ultimately, the method could provide a technical support for the automated and intelligent testing of cement paste
workability.
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