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Abstract: To solve the problem of inaccurate carbon emissions prediction during the highway construction period, a method of
optimizing the back propagation (BP) neural network by particle swarm optimization (PSO) algorithm was proposed to predict carbon
emissions. The 12 key indicators, including route length, subgrade length, pavement length, tunnel length, bridge and culvert length,
interchange length, excavation volume, filling volume, diesel consumption, cement consumption, crushed stone consumption and steel
consumption, were refined from the four dimensions of project length, construction, energy consumption and material consumption
using the analytic hierarchy process (AHP). The data from 36 highway projects were used as empirical samples for model training, and
a comparative analysis was conducted based on error indicators. The results show that the R” value of the obtained PSO-BP model is
0. 974, while the R* value of the BP model is 0.890, with the former being closer to 1. Compared to the results of life cycle
assessment, the PSO-BP model has a smaller deviation from the actual value than the unoptimized BP model. The four layers of the
hierarchy and the selected 12 key indicators enable the prediction of carbon emissions during the design and planning stage of highway

construction, providing reference for low-carbon highway construction.

Keywords: other disciplines of road engineering; carbon emission prediction; PSO-BP neural network; model optimization;

factor analysis
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Fig. 1 Hierarchical structure model of driving factors for carbon emissions during the
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Tab.1 Single-layer weights of dimensional layer indicators
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Tab.3 Comprehensive weight table of driving factors of carbon emission in expressway construction period
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Tab.4 Carbon emission index and carbon emission scale of 36 groups of finished expressways
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THY9%% B /km B /km BF /km B /km BE/km  BF/km T m® B m’ W/ B/ /it B/ Fmt W/t
1 39.4 29.0 29.0 2.2 3.4 4.9 730.3 732.7 2.7 40. 5 6.4 220.8 84. 8
2 41.3 29.7 29.7 3.0 5.1 3.7 435.5 455. 6 1.9 46. 6 7.5 221.6 104. 6
3 42.6 33.1 33.1 5.4 1.8 2.3 763.8 777.7 2.7 43.1 8.6 256.1 80. 3
4 116.5 88. 2 88.2 14.7 3.0 10.7 2076.5 1722.5 5.8 117.9 14. 8 963. 5 222.8
5 134.0 61.8 61.8 17.0 43.7 11.6 1514.6 1880.7 8.3 246. 8 38.3 741. 4 499.7
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7 21.9 17.1 17.1 2.0 0 2.9 281.8 301.3 0.6 12.8 1.6 190. 0 38.6
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3.2 HEEMES

N PR R R B I R B I TR R IR K R K EE XK B2 i BT S
THAE I KU TS FE B KA TH AR B AR A T AR 12 R AR R O R . R © 8 5 el A B 0 H B
Tt 1 Ry i A )2 B A 0 L 00 A A N B HE ORI . AR AR RIS B Y 36 B AR AS L 30 84 S Ik
LB L 6 91/ 2 D3t 4 B4 USRS A 5CR L i MATLAB 2022a 4R E17 4 2
3.2.1  DBP 45 W 45 455 0 )

HEN7 BP P W4 3 22540, B A S B & 2 R 2 . R B R 2 0 B mT R IS T R 2%
PR B A 2 (0 I 4% 52 2 Ak o DT 84 i I £ ) 11 st i D 8 80 < 2o 400 AR 0 1) o I0AR Sk BB 2
T T BN B 2T A EOR RAS BAR I R 2% LN RAOR B L i e & R BCE R 5 e B L R AR AU
BNTUNGREARR — 1RSI 30— 1) HR T4 A2 2 o0 (R ST 12) , 75 I 9 28 1880 1) R Ge i 22 5l
SRR YRR TC OGN T DR, B RS R RO 12~30, A 2 BroR . & AR 15 B A AR



o5 3 B AL 55 I T PSO-BP 125 9 4% 25 8 146 0 15 9 e HE e 35 0 5 9 317

By J2 1T AR 20 4% 3 BB B tansig B8 3% Lo 125

K HCH 100,25 %) 0. 01, 09

3.2.2  PSO-BP 2 [ 4 5 fy 48 o sl
BP B 25 W 28 75 b 2 2 w0 i ACE RN [ & ﬁ 06 LS 4,

WAL TR o 75 5 B A Je 35 85 A 1 BT 6 AU 401 4 Kool -

ORI BIA PSO Bk X BP 4 10 46 47 1 03

Tl S A SR R PSO B0 P b A {0 3 £ 1 02 105

9 BP 20 150 £ )00 6 AL (DA B 3 5 47 11 46 0 Tt i T

W7 A AE T T A S OE R BE R R AR . PSO-BP 1214 16 18 20 22 24 26 28 30

B 2T it
B2 FRREREET SHGMHX
B RS

P2 I 2 S 235 6 R E DL AL 580 15 RN BP A 28 R0 25 1
M5 IE B — R s KA BA 4 s 18 R EE ) 19 & AE
AT . 76 PSO-BP 5l i PSO 55 53 i 2
FIG e Ab BP0 22 [ 26 B A R A » DT 35 72 Fig. 2 C(.)rrcle.ition coefficients and mca.n S?uarc errors
2 6 2% 1 2% 5TV RS 95 Ak B 5 L B 5 T 2 1 B with different numbers of nodes in hidden layers
ARG R . BARmARE 3 fiw.

oy [PUEBPHE S i A
|
=)
(oo FRERCE . B . 2750 7 RS 58]

N ERUH

BREEIRFNZE LA

R R

[ sogok o mpE | [ HAREA . HHIIBPA 4tk iz | bl

R T REE REEE (1) AR [ 115 3 91 FEBP A b (e A
8. EMCHLA 38R FEERR 1

BN/ MR E

[ 142 JR i o - |

A 3 PSO-BP 4% £ W % A 42
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Fig. 5 Comparison between predicted values and true values
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Tab.5 Comparison of prediction effects of the two models

(% R? MSE RMSE/ 7 t MAE/J t MAPE/ %
BP 0. 890 0.970 0. 985 27.472 9. 890
PSO-BP 0.974 0. 898 0.948 0. 609 1.693

1R 22537 & B BP #l PSO-BP #HL 1) MAPE $/NF 10% , J& F = kG B2 1000, BF L X 68 4 Shy 36 00 46
R MEFFJ {3 PSO-BP #:7f#) MAPE .MAE il RMSE 43 Jjl| Lt BP BiAUAIK 8. 197 4~ H 4355 .26. 863 1 t il
0. 037 J7 t, ULBAIZ AR T BES VA1 BP 28 ) 4% 119 T 52 22 5 /)N ; H PSO-BP 8L R* 24 0. 974, BP £
AR R® A 0,890, B S22 T 1, 3 B T 0 15 52 o (L %) 0045 7R B8 4, 0000 B 30 B 52

4 OIS

SR FH A= i S 100 0 K v 3R /2 0 S 18 YAl I 00 R AT A WDt A B B B ) R R R R G v A B
R 1 45 B B 11 R OG0 B B0 R AT SR S A3 AT A ST 45 B BB HE O B I AT B HE O TR . A= A TR I AR
HE RO S B P 34 AE T I A M RN R Ge bk L B8 7 55 ™ o 5IR 55 A i R 0T DN A T R ) 2 . B AR S
D7 B A G R AT AR R B O A N S S AR SCRE R R A AR VIR S 4 A B
FPOAE BB HE G bR i 2% 6 B R L B HE B B0 &5 S a3k 7 FioR .

K6 iR AR

Tab. 6 Carbon emission indexes of the expressways

EEL e % R AR B AR R % 1R AR bR A T I o A bR B HIS s o 0 S
PELAKE /km 27.67 88. 94 144. 45 78. 33
BSEKE /km 18. 80 39.17 113.49 68. 64
B T B/ km 18. 80 39.17 113.49 68. 64
K/ km 4.07 25. 46 16. 64 4.83
B% 38 1 B /km 0 15. 30 0 0
3 X KB/ km 5.50 9.01 14. 32 36. 83
B E/ T m’ 14. 34 2 615. 80 3 696. 50 53.00
W54/ J7 m’ 307. 98 1731. 60 933. 40 1523.00
SRR R/ Tt 0.52 2.55 3.21 1.74
TKUETEFELL /T t 28.05 147.55 125. 20 105. 11
WA FER /T m® 116. 94 560. 00 502. 00 350. 47
WARTHAER /T t 4.10 22. 00 19. 55 9. 04

AT R R AR HE A A TR 45 R

Tab. 7 Prediction results of different carbon emission models

e 75 v N B N A% W] ey N TS o e N
BeHER R /¢ m2E/ Y BeRECE: /v W25/ BREEMCE /¢ W2E/% BREERCE /¢ R2E/ %
A= i JE i 437 160 — 2 086 500 — 1 862 000 — 1726 725 —
PSO-BP i 5 ¥ 2% 428 836 1.9 2 136 300 2.4 1830 755 1.7 1766 851 2.3
BP #ft £ X 4% 415 685 4.9 2 270 520 8.8 1922 356 3.2 1 805 950 4.5

T AT A B ORG B O 0 2 R L AR 2% A RIS s v 2 B R 0 B HE A A N 2 R 43,72 Tt
208. 65 J7 t,186.20 7 t Ml 172. 67 J3 t; PSO-BP Fill i) e HE i 2 73 514 42. 88 J7 1.213.63 J7 1.183.08 J7 t
H1176. 69 J7 toAMZEMIR N 1.9%.2. 4% 1. 7% F1 2. 3% ; BP I 4 85 HE 0 & 43 ) 4 41, 57 J7 1.227.05 J7 t,
192.24 T3 t F1180. 60 7 t IMZEMIK J 4. 9% .8. 8% .3. 2% Al 4. 5% , i 33 % b, PSO-BP # 28 [ 2% 455 74 iy
T 25 T 5 52 o (U 22 B /0N, 45 SR RS v, 5 T SC R OMSE . RMSE . MAE #l MAPE 1% 22 8 b o #5245 5 4
W], 22 B PSO-BP A5 1) 101304 B 0

5 & i&

R A0 A 1) T 2 MO0 e B T A SO A ek R e AR L R SCHE T AHP IR EE Y 12 A G HE UK B
F .51 PSO Bk T BP w2 W 4 i AT 404k L £5 3) PSO-BP 1 2 [ 46 T 11 1o 388 2 ik 12 352 390 i HIE Jsg 39000 465 A0
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D JEF AHP 345 B2 B B K I T MR K B XK B 42 U L ST A
i K UETH FE B AN T TH AR I R A I AR R 12 TR bR AR Sy TO0I R 32 B R B HE T G SR B B R R AR W
T AR TS A3 v A i A A B 1) i I T PR 2R R N B R A AR ) S ORI

)G A IR ZEFR R XS A BT, PSO-BP BUMELAY R* 24 0. 974, BP BUMIELAY R* 2 0. 890, B & B+ 1,
IF HAE Rk 4 457 3 A %, PSO-BP i 45 5 He BP #0045 5 0 224K /N 3. 0.6, 4.1.5 F1 2. 2 AN E 4045,
WEW] PSO-BP [t BP 5 H.5XH Z (8] (W) & B

3)PSO-BP il 45 S Ak T BP 25 9 4% Fl I 45 5 , PSO B B3 1k 0 Ak BP B 28 19 25 (14 K AE F0 18 L 42 25
TR BE A g R R [ B B R 0 38 2 1 R T B R T RN A R

A FEAL N SCHR o 4347t 20 A i 38 23 B T I e HE 5 BIK B TR 3R oA BF 5 At PR 3 RIS AR g 50 45
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