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Abstract In concrete block manufacturing, strength and water absorption tests require curing periods
and destructive testing, which incur substantial time and cost and make it difficult to provide real-time
quality feedback for all produced units. To address this limitation, this paper integrates process logs
collected from the mixer, production-related equipment, the tilting machine, and the curing chamber
at an hourly resolution, and constructs an integrated dataset by linking them with measured test results.
Using a multi-output regression framework, we compared candidate models including GBDT, RF, ET,
and XGB. The results show that, for Facility A, ET achieved strong performance with an average R? of
0.8846 (average MAE of 0.1661), while for Facility B, GBDT achieved high performance with an average
R? of 0.9558 (average MAE of 0.0729). Moreover, SHAP analysis confirmed that operating-condition
variables such as vibration time, mortar feeding time, and temperature fluctuations were relatively more
influential for Facility A, whereas input-quantity and production-state variables such as production
count, hopper weighing values, and mixing count were relatively more influential for Facility B. By
integrating PLC process data with quality test data and combining predictive modeling with explainable
analysis, this paper provides practical evidence to support proactive quality prediction and the
prioritization of process-control factors.
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(Table 1) Column definitions for PLC log data

. Data type /
Column Description format Example
idtime Timestamp of the PLC | YYYY-MM-DD | 2025-12-11
record with millisecond | HH:MM:SS.sss | 14:23:05.123
Integer identifier of the
deviceid PLC input/output unsigned int 1
channel
Raw value received from
rcvdata the given deviceid at | unsigned int 1070
idtime
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[Fig. 1] Preprocessing flow of concrete block process
data based on PLC logs
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(Table 2) Example of PLC Channel-to-Variable

Mapping
Deviceid Description Units
1 Product name
2 Operating time 1 second
3 Production quantity 1 piece
4 Production cycle time 0.1 second
5 Stacking count 1 piece
6 Feeding time 0.1 second
7 1st vibration time 0.1 second
8 2nd vibration time 0.1 second
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(Table 3> Algorithm for per-second pivoting and
cycle-based record generation

PivotPLCLogsBySecond( L, Y, NameMap):
// Timestamp parsing and normalization
for each row r in L do
t_raw < ParseDateTime(r.idtime)
// drop fractional seconds
t_sec «— FloorToSecond(t_raw)
r.time_sec — t_sec
end for
// Filter by target year
F<—{reL| Year(.time_sec) = Y }
10: // Select last rcvdata per (time_sec, deviceid)
11: G «— GroupBy(F, keys = (time_sec, deviceid))
12: R — empty table
13: for each group g in G do

OONDOTHWN =

14: // latest original timestamp

15: r_last — argmax_{r € g} r.idtime
16: AppendRow(R, r_last)

17: end for

18: // Pivot with raw deviceid as columns

19: Wideld < Pivot( table = R,

20: index = time_sec, columns = deviceid,
21: values = rcvdata)

22: // Create copy and apply channel names

23: WideNamed <+ CopyTable(Wideld)

24: for each column ¢ in WideNamed.columns do
25: if ¢ € NameMap then

26: RenameColumn(WideNamed, ¢, NameMaplc])
27: end if
28: end for

29: return WideNamed, Wideld
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(Table 4) Sequential row merging algorithm

Algorithm MergeSequentialRows(df):

1: df < df sorted by idtime

2: current - first row of df

3: merged_rows «— empty list

4: for each next row in df (from 2nd to last) do

5 if 3 column col # "idtime" such that

6: current[col] # NULL and row|col] # NULL then
7 append current to merged_rows

8 current < row

9: else

10: for each column col # "idtime" do

11: if current[col] = NULL and row[col] # NULL then
12: currentcol] « rowlcol]

13: end if

14: end for

15: end if

16: end for

17: append current to merged_rows
18: return DataFrame(merged_rows)
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(Table 5) Hyperparameter search space for
randomized search

Model Search Parameters

n_estimators = {200, 300, 500}
GBDT learning_rate = {0.05, 0.1}
max_depth = {3, 4, 5}

n_estimators = {200, 400, 600}
RF/ET max_depth = {None, 10, 20}
max_features = {None, "sgrt", "log2", 0.7}

n_estimators = {200, 400, 600}
learning_rate = {0.03, 0.05, 0.1}
XGB max_depth = {3, 4, 5}
subsample = {0.8, 0.9, 1.0}
colsample_bytree = {0.8, 0.9, 1.0}
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(Table 6) Train/test split of the dataset

Facility Train Test Total
A 80 20 100
B 98 25 123
Total 178 45 223
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(Table 7> Comparison of prediction model for concrete block strength and water absorption in Facility A

Model metric s1 s2 s3 al a2 a3 avg
GEDT R? 0.9153 0.873 0.9041 0.9273 0.9884 0.6385 0.8744
MAE 0.2777 0.3432 0.2795 0.0079 0.0034 0.0139 0.1543
R? 0.8785 0.8522 0.8632 0.9062 0.9356 0.6622 0.8497
AF MAE 0.4974 0.6079 0.5579 0.0162 0.0119 0.0178 0.2849
R? 0.9144 0.8944 0.8972 0.9697 0.9902 0.6414 0.8846
£ MAE 0.3041 0.3431 0.329 0.0051 0.0035 0.0117 0.1661
XGB R? 0.8992 0.8358 0.7664 0.9095 0.9314 0.5756 0.8197
MAE 0.3001 0.3669 0.42 0.0098 0.0088 0.0141 0.1866

(Table 8) Comparison of prediction model for concrete block strength and water absorption in Facility B

Model metric s1 s2 s3 al a2 a3 avg
GBDT R? 0.9768 0.9719 0.9828 0.9818 0.9185 0.9029 0.9558
MAE 0.1292 0.1502 0.1063 0.0144 0.0134 0.0237 0.0729
aF R? 0.8627 0.8741 0.8981 0.7653 0.7513 0.6767 0.8047
MAE 0.4784 0.4739 0.4605 0.0523 0.0577 0.0716 0.2657
R? 0.9513 0.9491 0.9449 0.9739 0.9286 0.8518 0.9333
£ MAE 0.2151 0.2306 0.2301 0.0151 0.0216 0.0302 0.1238
R? 0.958 0.9522 0.9585 0.9447 0.9097 0.8609 0.9307
xGB MAE 0.1877 0.196 0.1805 0.0201 0.0236 0.0311 0.1065
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o At}

(Table 9> Best hyper-parameter settings for each
candidate model in Facilities A and B

Model Facility Best hyper-parameter
n_estimators = 500
GBDT A/B learning_rate = 0.05
max_depth = 3
n_estimators = 400
RF A/B max_depth = 20

max_features = "log2"

n_estimators = 400
A max_depth = 20
max_features = "log2"

ET
n_estimators = 600
B max_depth = 10
max_features = 0.7
n_estimators = 400
learning_rate = 0.1
A max_depth = 4
subsample = 1.0
colsample_bytree = 0.8
XGB

n_estimators = 200
learning_rate = 0.03

B max_depth = 5
subsample = 0.8
colsample_bytree = 0.8
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