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2020 4, HE LA HUE R LR 16.1%, 1L 6.872 TR — ;2021 4E4Bk4
BAE BT EHEAE RS 12 00, LR 9 FRD LI, T SIRAG TR E AL, B AR D
@5 kSR REFER ®, R RIEMMIARRY K, B E2Om ., BT S
W NERFEE, AR g I BE R NBCRTE 43 LU R T, B PR G e SO0
K, CAnmrss ) semi gt 20, dEASERE M, REPFAZBHLTIE R E
PrfEs . BEE T ERHL QUK SRS R, . 8 Hish 1 SR IR
B TR R . BRI R TAEE (Artificial Intelligence, DAFEFK Al)
REGA . LT L, IR ETETE SCOUHTOR 3 & e Sy I HUS T 3 i, BHEAHT
AETE, BB =t S A AR, B IR E SO RHE AR E . A ERMIFSE
B EREREIME. FRHERR VRS . AARTRIR R . AR R & sl B i iy
SR . B SCFRIRH RS TR AS % 2020 — 2021 4ERYERF R RIS I T4EA

©  JeHrE. PGS 2020 4T E RS E PR LR R [ EB/OL ] . (2021-03-02) . https:/
baijiahao.baidu.com/s?id=1693110168071618109&wfr=spider&for=pc.

@ ESHM. (2021 FAEREIFIEEGR ) KA ) [EB/OL]. (2021-09-22) . hitps:/baijiahao.baidu.
com/s?id=1711580150253024607 &wir=spider&for=pc.



—. FRFERR

1L &R ERBRS

(1) k™

ARk, T ERWHS SCEGE R T . 2R R, FREDE AR & e SRR
AR, T E RO ORI IS, B E PR S SO R

(Bl225] 3% 5] ) (Science Citation Index, LI R & FK SCI) Yt FEAUEAY . =52
FIREEARI R, FE BRI RAL, 43R 22 2R (T &K1 ) (Engineering
Index, VAFAIFR EL) FEEE TR, NFHRREAH IR sk i 322875 (RHE 1R |
X &K5]) ( Conference Proceedings Citation Index—Science, LA FfiiFK CPCI-S) MR T H AR
Bl B RABFER TARROR S K ER 423 WOCHR, 7E—E R b ik T Bb2= T
MAZSIN S R SnesI I8

HRHE SCI AR P2 4e i1, 2019 4F it AR 18 SC 2 8k 230.51 T3k, EE 2018 438 Jin
11.4%, 2019 4FUCSE P ERHE B SC 49.59 Tk, L5 11 ARHERE I AEE 07, (5 kA
Bl 21.5%, Frdi it 2018 AE$ETF T 1.3 A 2l HEAE B 4209 95 E R Fi85C 59.01
Tk, RIREE 124, SRR 25.6%. HRAE E1BUEPE, 2019 4RI S TS50
79.99 Jikw, o AR 6.8%, Hr R EIR S 29.96 TEE, AR AR 37.5%, HX
2018 AEHEK 11.9%, BT Oy &3 N 1.7%, HEAEHE S 07, CPCI-S KUdE % 2019 41k
SR EE LGS 53.62 Tk, 2018 4RGN T 7.1%, SRl b EVEE 18 C 7.09 ik,
Eb 2018 4R/ 3.8%, (i FURE 13.2%, HEFEHEAEE 7. CPCI-S B PRl s € g
W%, M 1626 Tk, diFUREIN 30.3%, 2P ER 2.3 4%, gk 1-2-1 B,

F1-2-1 2019 EHEERLXF=HER

o~ 1’(@;2;% ﬁ(?%{;ﬁ:;%)ﬁ R4 *ﬁxfr(ﬁi:) Y] %4/5?;:?#@ %A’E%iﬁ?ﬁ%f%ﬁ
sc1 49.59 215 2 84.0 45.02 19.5
El 29.96 375 1 100.0 27.15 33.9

CPCI-S 7.09 13.2 2 43.6 5.12 9.5

B P ERHE G SO AR 2020) 7

2010—2020 4F ( #Z220204F 10 H ), FEFRHEA G & R E PR SCREPRFRRE S,
H301.91 Tk, AVRTEE, RIHHEES A7, e 2019 501 T 15.8%; 10

@ PEPEFEARGEIRN. PERBGSSCEIHEH 2020 [R]. dtat: hEBFEHARGEIITN, 2020.
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- 2020-2021 FRIRRIRESET

‘@ﬁ%ﬁ%w%m%wﬂﬁﬁ,%mwﬁ%ﬁﬁ%%ﬂ?%whﬁ%ﬁﬁ%:o¢@

SEE RSSO I 11.94 1, e BAREEGETTHRT Y 10.92 WK / R4 T 9.3%, i85 16 fi.
TR B9 5 1R B 13.26 R, &R0 | IRECH 19.13 ¥k, HIER 85 | AL
S SO WA AR — 8 250E, (HARAERRAE AR s BE AT . R B4 AR B EIPR R
WSO OB FHEA an 3R 1-2-2 iR .

F1-2-2 HEXRTFERERBHOISIHS] AR FHMC TN

o 1998 —|1999 —(2000 —|2001 —|2002 —|2003 —| 2004 —|2005 —|2006 —| 2007 —| 2008 —|2009 — | 2010 —

“1 2008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
L 10 9 8 7 6 5 4 4 4 2 2 2 2
HEfL )

BRI : (P EBHEE SR 2020) V.

P ERHGE SCR T REE, 2019 4R P E LR R SCIE 38.73 i, A EIFRS
32256 Jiks, BN 16.17 ks . EFReSC, HE &R R E RIS S 59867
A A (190661 5 ) 19 31.40%, HEAHFER—, (UK THEA S —MEE 1.49 M H 5
A, FRE S SEE N 2EIE SN

MR A, 2019 AEFRE RTE R E L W TR IS8 K A R DU i
1 R 2 e et [ PR SCEGEE A SRR A1, L AR DL R 3% 2420 B Tt [ PR
WICHER S =, HHEFURAINY 1.3%, HEEE AR HRY, kKR 4135, 5 2.3%.

MRS A, 2019 4F38 E A HATHLR S A IR HEZA TG 1, 4338 h E R B
ABITEVTE G PEREERBA AT T E R B IR S RS E R
B REA A BRI . R E R B STAT, Hod, o E R S RREIE ST T
L 492 5SSy = i HELE B

(2) &R

FRHE IR SR AR T gE T, IWEINIESCARHM i, 2019 4F B N8 SCEUR 211 10
AR IDRIGIR B, THEEOR, BT ES A, hESE, ReE, WPES
ST, #h2e, SRS, EAREIURL T #5I IREEZ 1 10 AR IR 7,
qesf, HitE, T ES AT, hE, HEHER, WERE, EYE, WpiES
ST, RARESR

T ERH A O HI RIS e SO, B | B PR bR K T R R RIS SCRR S
HENEHIE S o 2019 4R E SR IS SO BRI 10 D 2ERR A IR IR R
o2, AW, . BG5S AT, MRERE, TFREOR, e, SRR, R2ER
Pz siRHR IR SCEUR T 10000 G 1A RHA AR 25, B, B, ARURA

@ PEBEFEARFEEVIR. PERSGESCITHEEA 2020 [R ] Jbat: PERFEEAG BN, 2020.



FHEOR, WER 1-2-3 Fis.

=

#®1-2-3 2019 FHESHRKEXFHERSH

2

FIRE

(hR/4 R SRR SCE (5
1 Ik R B2 58721
2 s 40004
3 GRyES 28209
4 M. S AR 23804
5 MR 19164
6 AR 18304
7 Mo 17857
8 HEfili A 16582
9 RAE 15812
10 LB 14546
11 2% 13325
12 rhpE 13135
13 iRl 12367
14 REMRRR AR 11562
15 T 9091
16 TRy B 5 AR 8157
17 RS 7210
18 iEs 6053
19 1N NN e 4929
20 i 4846
21 Ji% 3885
22 B BiE 3197
23 Mt 3183
24 @i i) 3049
25 Ba. BB 2956
26 B TR 2729
27 TR 2092
28 TKAF] 1964
29 I HHEAR 1931
30 RTINS 1696
31 TG HARIER AL 1434
32 BT, 44 1354
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£
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L2020 2021 SRR RIRE S

(D279 g USSR (R
33 (=il 1287
34 IIESEREZ2 %N 1178
35 K 1076
36 fFE. RERl# 972
37 TR SRR R 2 936
38 BREHAR 607
39 LARFIERAR 256

BRI : ChERHEE S S 2020) V.

XF 2019 AF i EbRie SCE e E, FREA TREOR . fhe . RS AR AL
Bt MRIRRE . RLERRE | PBREAECE 8 2 E Rk T E bR SO R R AR —, A
s M ZRESC U RVIZ A 4 ARl R E PR SCBUR ARSI o
BRI SC o AR e FE PR SC LRI 40% B9 TAREREAR . fhoe . IR SRS TR MLRE
SERVE, R R A e o e BRI S R, 8 45.20%, WNER 1-2-4 FTR.

F1-2-4 2019 FHhEELREREERIEXFRHESR

SR A B ok @%‘Jﬁ%ﬂ FRig S ﬁ?’?%})ﬁ%fl Brig SO | A E R i E BRie S A
(i) () (%)
TR 12890 31826 40.50 1
e 12091 27262 4435 1
W G A 7550 18076 41.77 1
AR 3786 9198 41.16 1
kR 3616 9044 39.98 1
Lol FiE 2334 8028 29.07 1
pUES 2094 6368 32.88 1
s 1814 4013 45.20 1
AW 4958 20507 24.18 2
Hhos 3011 8673 3472 2
LiA 38 X EFR 1634 7146 22.87 2
2 1025 3412 30.04 2
[i=Es 2951 35665 8.27 5
AR 113 1443 7.83 5
it 59867 190661 31.40 —

HORAE : RS0G5 2020) V.

@ PEBEFEARFEEVIR. PERSGESCITHEEA 2020 [R ] Jbat: PERFEEAG BN, 2020.



8 PRERGE

2010—2020 4[], 3 E &2 RHE SR B A AT 1% 095 R ig
37170 4, HEA A, SR DI 23.0%, HpigRES: | k¥, AYeeSa
Yk . MOBERL RN TAR AR A B 5 | B S Y 10 R L B SO TR B 2= R4

HHEDUVFEM L, 2019 4E3KE SCLIg Ui i 2 1 A # R Ok A 1T A2 1k, B
MR HEAE S — 004, AW, M. 855 Hahishl, SRy, R F Rk
2 bTt, FEAFTT, T REERRERS SR R, MW ZETRER A BT 4 (B
1-2-1) .

b ] 61656
G7/es ] 49850
I R =~ | 47683
YyHeg ] 36842
o KRR 134891
T S E S ] 29619
HLfili 2 | 25740
2 T 17549
287 L —
EEE 2 — | L | | | |

0 10000 20000 30000 40000 50000 60000 70000
WK (55)
B 1-2-1 2019 F£ SCl B XHEEZ N TR
Bk ERHE S S S 2020) ©

MBS KRB IR B A R A, FREHERT =2 r 2B 5O A B RR L fesa T
FRER, At RO B R H O S AL, THEALRLE . BB e BUEEERE, R
SRR SCIARR AR, (ER ISR A f 2 LU AR, AR PR B2 AR R SCREAR e, (U2
FoE MO8 A o LB, 08 11.1%. S2WIT7H, 345 T A RHSCR T, %457
FHEG IR LI, IR SZILAR N (3R w07 |5 A SR 605
2 IL) KA, WERSR: B OB SRR IHRHR: . 27526 e
HUFFRM SRS, SRR I R 2 T SR, HA AR R TRk
o, BRSSO I IEEZ T, BRI 1-2-5,

@ PEPEFEARGEIRN. PERBGSSCEIHEH 2020 [R]. dtat: hEBFEHARGEIITN, 2020.
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L2020 2021 SRR RIRE S

F 1-2-5 2010—2020 £EHEZFR=Hit X 5HRFHKFEILE

SR Wk | SRR | Wl | SRR A | IR | ARRAE | R | A
(R (%) UL (%) Hefr | ftadh | 51| sm
Lol F 7 75508 16.38 795839 16.99 2 — 10.54 | 1.04
S EY 138151 17.85 1684592 12.36 2 — 12.19 | 0.69
b 516127 28.25 8215221 28.12 1 — 15.92 1
I R 2 326651 11.10 3273179 8.28 6 T 1002 | 0.75
MRl 108137 26.45 940420 27.00 2 — 8.7 1.02
B 22098 7.34 165611 5.67 7 1 749 | 0.77
TREA 415934 27.89 3824857 27.17 1 — 9.2 0.97
W 5 115497 19.79 1313965 16.48 2 — 1138 | 0.83
A 111055 22.10 1337564 19.49 2 — 12.04 | 0.88
ki 28346 10.40 359405 6.84 5 — 12.68 | 0.66
MERE 348953 35.41 5748403 36.16 1 — 1647 | 1.02
et 98963 21.57 499826 22.76 2 — 5.05 1.05
W 33262 15.01 348087 9.72 3 ! 1047 | 0.65
TR S ML | 106242 21.19 1540655 12.72 3 ! 14.5 0.6
ek 3419 14.61 62360 14.71 3 — 1824 | 1.01
FUEZY R RS 52823 9.79 657275 6.55 6 12 12.44 | 0.67
2y Rl 83319 19.13 862383 14.94 2 — 1035 | 0.78
LIS 268479 24.09 2776267 20.94 2 — 1034 | 0.87
W% S B 98757 12.69 993526 12.74 2 — 10.06 1
K 5.0 16717 3.72 140573 243 12 T 8.41 0.65
ARy s 34374 3.36 289482 3.62 7 16 8.42 1.08
=3 [H] 2 16256 10.51 227659 7.81 13 |4 14 0.74
BRI P R CSET4E5 2020) P,
FUE: GO 2020 4F 9 Ao 1 17 WS SO 5 FAEEGIALL, fk ERT A T FORAIR

RAB o ARXTEEN s B R RS IS G %A P S S {E R LR

2. BB ARERILR H

(1) WFFEHTH

I RE BERHE SO T RE . SCHRTFIR A Oy R ME 2 B AR IR G ) Bk R AT
B RO Ay, X T3 3 B [ G T SR U A W TG BR AR BE AT VA o G Fp i
R A ER I E A RMIP RIS ARIE ST, WFFE AT SO | AORERIERIS Rl 2 e ) s
eSO E AL BT I RSB, AT LUK BT . S — R m s e SR RIS | R

@ PEBEFEARFEEVIR. PERSGESCITHEEA 2020 [R ] Jbat: PERFEEAG BN, 2020.
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TR B —E BTG BRBE AN STHERS , W i — DFTERIHT, X —F% s e 18 SO =R 4 X

FFERTHTRY “RIB3CT o WFFE AT AR B A RO M i S ATV 16 BRAR S (25 5 PP 5 1
IAZ A SO S | 16 SRR AT DB AR B0 AA 58, 1R S R 88 AR 0 32 79 25 AR ol
I RIS R T PR 15 5o [ 5 Bk A Pl S BE AL AL, R Bk B B 456 [l A% i Sy
WU 05 1 1E SR8, 1R 5 R M A4 [ A% Lo v SR AT A7 850 [ 0t 5 | Ve S5 |
W8 WFFERTI RS EOT LA AR WFFERITT 45 )l U T FE ir  Ae 2H
AR +— KA BRI T R B, EASCER . B, i . HIBAL R 5
NAERIRBL

#1-2-6. K 1-2-7 Al LI, 2020 4FESBEFERT AR ReHE2 st i [E R e =4
EARAEIE UHEI P e 2, 20 5 ~ 20 ALY E 50 = IMEPR AR O HE P AR E , A1
BINLRIEA AR FEAES ., HEADORTRE, REBCHTT TR G R, 2021
A, TE—RARHIECE AR T, HEA AT-E R RAE = MR 4EE R HE R s 2 — 2, BT

B A R A TR R AT o S I, PRk Eeiam s —,

H53EER 22—

R 1-2-6 2020 F+—AFHOBEEEANERARMGAERRFIO LIS

[ T I AR R AL I G DTk EE GRSl
(Ciy iz (Coin He (o i

[ 226.63 1 119.58 1 107.04 1
| 151.29 2 90.7 2 60.59 2
Yl 77.81 3 40.43 3 37.38 3
11 73.86 4 37.54 4 36.32 4
e E| 4571 5 23.44 5 22.27 6
JIE-SN 44.04 6 21.66 6 22.38 5
R 41.71 7 20.31 8 21.4 7
2% 41.06 8 20.1 9 20.95 8
FRH] 38.09 9 20.41 7 17.68 10
PHPEF 37.8 10 19.21 10 18.59 9
Fii+- 33.83 11 16.77 11 17.06 11
H A 29.53 12 16.17 12 13.35 12
ElBE 2258 13 12.74 13 9.85 15
Fif it 2247 14 11.02 15 11.45 13
i 21.79 15 11.56 14 10.23 14
P 17.57 16 8.73 16 8.85 17
Bl 17.38 17 8.15 17 9.22 16
LU 15.58 18 7.27 18 8.32 18

o7



. 2020-2021 $R B RIS S A

[ Z WP R AR FE L EPINE ] 5 ) 7
355 He44 1343 iz (Coix HE
e 13.44 19 691 19 6.53 21
W= 13.27 20 6.13 21 7.14 19
B R - (2020 HRFERTITHEEARR) @,
F1-2-7 2021 E+—XERTHECEANERARINIGREERSS RHA
. FE| G T T AR AR AL SRV PSS
i (o e 135y 4 (G He
ESE 209.23 1 113.06 1 96.17 1
i 191.43 2 108.66 2 82.78 2
EaEs| 85.59 3 44.73 3 40.86 3
= 64.13 4 34.2 4 29.93 4
RORH] 51.71 5 27.54 5 24.16 5
P 48.66 6 25 6 23.66 6
BRI 45.18 7 23.19 7 21.98 7
JIEVN 39.54 8 20.81 9 18.73 9
YL 39.42 9 20.88 8 18.54 10
fif 2 37.48 10 18.45 10 19.04 8
HA 31.59 11 17.75 11 13.85 11
i+ 27.52 12 13.78 13 13.74 12
1553 25.84 13 14.82 12 11.02 14
[EaE| 21.23 14 11.91 14 9.32 15
Ealliny 20.94 15 9.91 15 11.03 13
T gt 15.76 16 7.9 18 7.86 16
i 15.35 17 8.28 16 7.07 19
G 14.94 18 7.93 17 7.01 20
FHE 14.92 19 7.73 19 7.2 18
El 14.86 20 7.56 20 73 17

Bl - (2021 BFSCRTIE S50 ©.

©  PEEEGRENE SIS, 2020 AR ATEIAERE R [R ], dbat: b ERRERE R S ST
[z, 2020.

@ P EEEGRN IS S RNITRE. 2021 FFRRIVERERSEC LR ], dUaT: o ERRE BB S Y
B, 2021.

753



58 FRERGHE

OIS, 2020 4F, HETELOL AR | Y A MSh YA G, Aess SRR e H

B ORI R AU 4 RS S — s TR S ERBERRA UL, I
SRARIZEVE A | LB B SRR E AU S RSO 5 KA SRR
R B S0\ 2 RS T4, SERRISRDI . SRR T ARl | RS
PR, AL SR RRESIE, KO TR SR SR 4 58— 28, TR 7 A4
SRS PSR AR B, SRR (% 1-2-8) .

2021 4, SE{ERM RIS | ARG, LA S IRHER U, IR
U, AL SHRRREAU, BOEIIL, R, 2V S0 RO 2R
G 7 AT, AT 3 4 FEHERRIE G, R T R
BRI 3 AT 50 LSO S KRB TR HE 455\ e MR
B R, WU, KOO S R TR 4 TR, TR
TATHREHEA 5 BRI KO 5 R U DS TV A BCHE A 51
AR RTFT 4 S b R R R (3 1-2-9)

F1-2-8 2020 F+—AFRMFEFRSTHEENPER G7 BRARILERERBES REEE

225} febs | M R | s | fEE RE | gk | BXA | HA
. 35y | 226.63 | 15129 | 77.81 | 73.86 | 4571 | 44.04 | 38.09 | 29.53
R 2R
HE44 1 2 3 4 5 6 9 12
SR | M 55y 7.90 15.16 | 4.84 3.47 2.28 3.70 3.93 1.24
B He4, 2 1 3 7 1 6 4 17
X 54y | 1538 | 11.92 3.30 4.47 2.68 2.55 1.62 0.91
RSB
HE4 1 2 6 3 3 9 14 21
N 5y | 2274 | 555 | 629 | 614 | 667 | 505 | 283 | 205
HEREL
HE# 1 5 3 4 2 6 10 14
‘ 85 | 5327 | 7.10 1995 | 17.89 | 12.13 | 1037 | 7.95 7.68
I R = 2
He4 1 12 2 3 4 5 9 10
N 4y | 3728 | 1287 | 1392 | 1022 | 280 | 626 | 567 | 170
Rk
He# 1 3 2 4 18 7 9 23
N . 855 | 1473 | 39.49 1.88 2.81 1.13 0.91 0.58 1.16
b2 S MR R
He4 2 1 6 4 11 13 16 10
i (% 19.14 | 1243 3.36 6.22 2.68 247 2.94 6.34
Ll
He# 1 2 6 4 9 11 7 3
n ) 85y | 2323 | 6.80 1235 | 1495 | 1147 | 528 9.58 5.85
P PRIN/BLES
HE4 1 8 3 2 4 12 5 11

09



. 2020-2021 $R B RIS S A

e fhbr | SEE | bR | sEE | fEE | EE | gk | B | HA
B 5y | 1042 | 1598 | 098 2.01 0.42 128 | 047 | 028
Hoeer
HE# 2 1 13 6 24 12 22 30
- ) 34 | 927 | 1497 | 477 1.52 1.57 3.83 0.51 1.35
fRER
4 2 1 3 11 10 4 19 12
2 =S B0 | 1327 | 9.03 6.17 4.15 1.88 2.35 2.02 0.97
B A2 1%, 1 2 3 4 12 9 1 19

Bl - € 2020 BFFCATIAEEE) V.

*®1-2-9 2021 F+—AERMBEE RS OBEENHER G7 BRMRERERBES RAEEZ

25} febs | EHE rp | R | SRR | EE | ek | HA
i 5445 | 209.23 | 19143 | 8559 | 64.13 | 51.71 | 48.66 | 39.54 | 31.59
F— RIS A
HE# 1 2 3 4 5 6 8 11
RAVRIE . A 5 | 13.82 | 1834 | 3.86 3.45 1.87 2.29 2.10 1.80
GBIl He# 2 1 5 6 11 8 10 13
! 25y | 1331 | 1511 5.90 5.60 3.92 223 2.97 0.85
EEEHERE
Hi4 2 1 3 4 7 10 9 21
85 | 2147 | 1129 7.83 6.71 2.96 7.35 4.60 1.56
HhBkRl
He44 1 2 4 6 12 5 8 15
8 | 44.03 | 4532 | 2060 | 10.65 | 1840 | 1322 | 9.36 6.65
Il R = 27
HE#4 2 1 3 6 4 5 8 10
84 | 3068 | 16.05 | 9.55 1133 | 5.09 4.18 5.38 3.69
IRl
HE44 1 2 4 3 9 11 7 16
) X sy | 701 | 2480 | 241 195 | 080 | 165 | 068 | 0.70
tze SRR
He# 2 1 3 4 12 6 14 13
B4y | 1543 9.19 4.12 5.89 1.73 2.14 1.25 6.14
LY/pLiE
He44 1 2 5 4 9 7 13 3
) 595 | 25.59 7.7 14.06 | 12.80 | 9.80 11.46 6.20 6.38
P EPRINT LS
He# 1 8 2 3 5 4 12 11
) #3455 | 1091 | 1590 | 337 | 287 | 194 | 127 1.06 | 038
B
He44 2 1 3 4 5 9 11 23

@ P EPFEBER A TR, 2020 AT PUEIRE [R ], dbat: PERE BRSO a5
BE, 2020.
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23k
2E8) febs | EHE ] B PR | BRI | RE | ek | HA
o (=Y 9.49 9.78 478 1.30 1.25 1.69 2.08 3.04
IEIcyaEES
HE44 2 1 4 12 13 10 8 5
Zpess e 85 | 1748 | 1788 | 9.12 1.59 3.95 1.18 3.86 0.40
K H At 2Rl He 2 1 3 9 4 13 5 34

BRI : (2021 AT RSB0 @,

2020 47, FE+— AR 110 DI FTAHTAT 38 ASF %, T EHEA S — 1
HITSEOCh 42 4>, 29,543 148 D ETHS ) 28.38%, EEBFIEHTIT P H5 BHES 5 — I BT is
A T94, 2915 53.38%, JelEA 10 DEITTHEA S —, TEEA 4 AR HER S —, BEA 1
ARIEHEA S — (£ 1-2-10) o

F1-2-10 2020 FE+—AXFRGFEFR S THEENHZIIAERARAAHAE—NHE

HE22 S — T Ak
Ak WFFEHITTHEAL
FlH Hh B[] P i
KRR S 148 79 9 10 4 1
PO FLF | YRS Y 11 1 5 2 0 0
A SR 11 5 4 1 0 0
HhERAL 2 11 8 1 0 1 0
I R 2 24 19 0 3 0 1
At 19 15 3 0 0 0
2 SRR 16 1 14 0 1 0
WP 12 10 2 0 0 0
PNEAPRINYE S 11 10 0 0 1 0
B 10 2 5 0 1 0
(EsY S 10 2 6 1 0 0
2ot ODIRE N A AL SR 13 6 2 3 0 0

B : (2020 DRSEHTHHUETEH) 2.

O  FEBFRRH S E b 2021 BRFE AT IVEEAR AL (R ). dbat: o BB GRS RS S g
5E, 2021.

@  HEBERRHE S B 2020 SR RVETE R (R ). dbat. o ERA GRS RS S i
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72

L2020 2021 SRR RIRE S

2021 4R, {5+ ERHIIRAY 110 4SS 61 AH AT, TP EHES S
WIVVEO 654, 25 528 171 ARG 38.01%, (MRt 1 TF, BT ESS
HCHEA S — MO 814, 2005 47.379%. SEIAT 6 HTEHEA, 35—, BEIAT 2 AR
B, BT 4 WA — (% 1-2-11)

®1-2-11 2021 F+—AFRGEBEERSTBEENH LT AERARINAHEE —NEE

Hed 25— AL
i TSR
eS| LHE| Bl T8 TR

T KRR EE A 171 81 65 6 2 4
RARLE | A RIS 14 5 6 1 0 0
A SRR 12 5 5 0 1 1
HERFLE 11 9 2 0 0 0
Il PR B2 39 18 16 1 0 1
GRS 21 13 5 0 0 0
7 SRR 13 1 10 1 0 0
LB 11 7 3 1 0 0
RIS Ry 12 10 0 0 1 0
e 10 4 5 0 0 1
{5 BBk 11 2 5 1 0 0
T O MO R 17 7 8 1 0 1

BRI : (2021 BTV EESE 30 ©.

T E 2 USRI, R 2R R R AN 1 [n) A A e . 2020 4F, +—K
SRR, T ETE A S AR, (R R, B U SR B )
RN A 4 D GUHEA S —, AT R 144 6 L SRS A, il
87.50%. 60.00% . 50.00% F145.45%, FME MG, ESMABER S EA 4 6T
WHEZ S —, YIEEE 1A YRR EA 3 ANHITEHES S —; Pee s 2 5
o OHE LR A AT 2R AR ARG W U SRR 2 TR S HOERERE
WP EA 1R HER S — I REE 2 SR R SO 5 RAR Y Bl [ A HEA 55—
WFFEETY . S EMR, EETEAE SRR RS, ek, 7Sl R
= PR 2E SO HE A S — TR, AR 20%, 31X 4 AN 2 v e R TR R
FOPEIAGII s 26 IR RS0 5 RARY B A4, Wy BRI PRES =40, AWkl
BRI SRR U A 5 A0 A 5 — M TV B T 70%, 3% 5 A SIUUR S ] R BE TG BR
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BE, 2021.
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AR, 26 EIAEAE SRR R GUS R T | O3 M AT 2B 22 S 2 A5y
WA 45.45% 1 46.15% WITTHEHER 55— REAPEHES S R G 148 I HE Yy
80%, BEWIIE B | 7 E Ak E R B AR W S b I DR B 2 SR AR
YRl U HE A S, MRETER SRS RIRY BRI HEA S, R E AR bR R4 HE 44
B

2021 4%, W EFEALSE SAP BB GUSARIMKIAGE ), AR 13 ST, o
FEA 10 MR RUE TR B S —, N HE 76.92%; 1R R EE2£45080A 16 A —
MRS RTIY, TEETF . DB R HAbA L SR A4 8 M HEA S — IRy, R
WRHE . MY 6 NHER S — IR, EAESMIREERE . s R
U, PERA S NHERSE IR, IR SR EAY; (IR RS . e
U B R 2 U R HE 44 5 — BRI RO 0 5 AL 3R 2 Ay, SRR —E %
PH 5 RS SRR B G b A HEA S — RS TR, AR IH B . SB[ 7E RS
2 55 RARYy P22 U e BR B E SR 2 S R SR A, HHEA S — R B Y %
AT 80% LA Lo e EAEHES B — R G171 ETTERY 85%, A 2020 A 4
5%, (HAS 402, EIRE U 10 NG HTHTF 29 ASBRSHE T, A 6 AT
T RUIT AT BT 24 R TR#0 0 BOR e il 2 F2 080, (5 I PR S 2 311 89.7% . 1525 T Bl E R
TEPU i B R B 5 g8 R, P EAE I IR B 2 G 20 0 %, HEA4 SR — T
WA 2020 19 0 38 3] 2021 4F 1 16 4>, TR HEA DL 2020 47 (155 + 7 BR
FEEH L.

(2) THEFTHY

TR EMCE R EE i, TRERE TRRHE AR T M EERG . 44,
HFHE G HAEARA Z KA R, B—5e R A A L AR SR SR A e, TR AT
WA SRS . AW 28 . IR R TR, M 5 TR R R, K
Wesh TR R, AR X 2ERIEE AR, STIARIE SRR, B2
gt A FE B e . R R TRRRE E 2017 AR ELALUT R SRR TR ER
WRFFET H , T 2R TR BT TR R RIHY . BFH Bk T AR i s
e i E TR B 2020 4R Y TRERTH A8 & RBFE TAESE— 2k T8l 5 € KIW=E |
N, FEULRFR GG BN LW ENT, RS R SR 253 . kit
M7, SEEL T R RO SEAR IR E RS, BT R SRS R RESS
BllEss . Bl ot BRGIE . SRS SR, B E S5 EWEdE 2%k
AWrRL G, AT E Ll MR TR

AT E TAEBE 9 2400, (2B TRERTHT 2020 ) itk it 93 4> TRBFFE TV F1 91
A TR R FY, JF0HEd 28 A TRAFFTRIVE R 28 A~ TREFF L AU AT E s s . T
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A 2B AEIT R, BRZE e ARG 10 DA TREDFFERTI A 10 DM ed TR
TFAERTHY, FEHEE 3 AMIFFEHTHT RN 3 D IF AR 2E T E R i

2 1-2-12 J& v E A8 25 A UHE 44 BT = TR S R U AR SO L B
U T B DI A BRI BES IR  5— A B L. RIS, 7ER0y 2R R IR
REMITE . MU AT A . R RE R BRI A T AR ST
e, P E BRGSO O BGR, HEAEEAT, (HAE A — L TR SR, Ay
WA A G T . 22 NBE I 2 0 B S SRS | R A 0 11 SR 3 s TR A S AT
PEALH] . 5T 8 T PR RS SR BOR | SRR RIESE, A SO R
5. AR T 10%, BEEA AR Se 2 R Y K SR G5, TN RIS ) B A gE 463
B

®1-2-12 FEESTUGHIZ=ITEMARBRZ OIS HILER

129'8 FREIRE X
winl |
= A5tk TR V43 5
ig STk TSRV Lt A1) sk | Bl S—2EdE
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BT AR A IR S A e 77.78 630 90 60.81
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FHFIR2TT Y e K 25 53.68 | 12767 | 125.17 68.07
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3 AL RSl R 4 I
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4 | RS TR
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I T B2 RS O kT 5778 108 108 2676
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6 | B SRYIIRE | MR R E AR R R AR L | — — — -
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PERES
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ML 5 B A
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#id: BRI SO TARGURILE e 12 D TARITEHTT, HAL U

3. 4] Wik @ B R
(1) LHIHFHES

ST WL FEEAR BB, W ) R Ao A i LS ke — [ S A LR ) BT
A ) MR IE R U R AT CHERAIR P RGE AR 2020 4EEHRE ) @, 2019 4F
ERREAHIFE BT 10 R E R TR, FEORFDHERIFE TR, 2020 FKE
B 2020 4F, AR E SRR RUR SZ B R WL R R RO 149.7 JT P, B RO HE
A RS EAERRT IR LA HE R (59.7 1) By 2.5 4%, HEA ARk —,

TAARYCH BA 5 [ FIRCH .

li] [FE[ S MR AL M IR A TR T A AN 5K — RA5 5 o EAEk, FRETERSHE
LRI R, HERRAL, CRHFE R /N 2020 4, RIS
L 2019 ARAT P AN, (HS RIS i B R4 5 — B0 SR [ (22.63 JT 1) (AT R 22
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2020 4, AERARCE AR T 5.9%, KE2 1590 JiF. 3EE (330 i) #F
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2020 AEAEREL A LA HUE o BUCR B R RALEAR (2841 J1F ), HUCRHESML
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AR 2213 JiF, BT ANBARULRIA RIED 158 1F, BAEERER “+=H" o
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B 2020 AEAE G, REIRENAKEWN LR, gERERE T 10 40958 28.1 T,
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AFSEE
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FTPIA )2 H AR R [

(2) TR IR

MR (2020 2Bk TREFTVT ) BOBEE, 28 1-2-13 HH T P [ FE 45 TUHE 4 A = T
TR AL BRI AT LB, B SRR 5 I SO PR . Wi 2% 14 T Hb
T TR RERE G F R 52 5% TREIT ARV A% OB AT U BIAR s, #ad 90%, H&

© FEFEFE. = ERAPUEAUA Y REE B [EB/OL . (2017-01-13) . http://www.gov.cn/zhengce/
content/2017-01/13/content_5159483.htm.

@ PETERESRR TRERWIIHA. SRR TRAMU 2020 [M]. J650: @%EE B, 2020.
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PRI R FUAAR, S BE R R A R Al AR TR TR R BT A L RO B I A R
HAEC,  FP R ZKOR TR R R SRIN -5 Ab PREE AR U 14 T AR T A BT %L R 28 I e 451
S 1B L IR T 90% , BRI EEZ TR R BT B ST R E Rz —, HAEIZS
SRS —RE RS ST

F1-2-13 FEESTEHA=ZTEFLENGRZOEFNAFFILHIER

NI B IB | P
hia=2 Ay TR AT Fefl | s | edl | %R
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HTF 56 HARM TN 30 R T K 70.07 82 77.36 27.07
1 Pt Siz 3 T2 K TENA T8 B AL A 36.57 398 16.49 22.63
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TRIEL YA B T2 32.30 459 3.78 3.19
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0 sl gh s
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ANTF i BEGIEC | I I L
e Atk TARIF KR Wl | s | el | SR
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SR T RAGYIIE e 5 2Bk 15.45 1183 3.92 9.31
8 25 RREALGSRISWIAR 55 & 0 & 28.74 560 7.20 12.96
NESEFE S A 37.04 35 7.56 10.77
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0 P BT sh R ML I iy 33 - - 0.8
ARG 5k
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BRI (BR TR 2020) 5

4. RRENIFBEE

(1) FARE

HARGRFICRRERA R E IR, G RERFBHEARMRSS . FoRIF R HoR
il FAREMIUARAFE . HAR GRS RIS ESIRE, BIseH—e B LT
KERHL QB AR RGO 5 (b ERHE U Ak 2020 4R B ) BdE R, 2019
4, 3450 KB T LA LE L 1] PEM RS U AR R B A R T8k 15035 1,
Lt 2018 4F 3G+ 32.3%; HAR A A L C S 4 ik 152.4 /47T, #2018 4F T % 19.1%; 4
AEFNK A 443 127T, TR 29.8% WHECEE B 77 A R R % A0 A TR ECh
2815 11, Lt 2018 4FHE K 10.9%; 77 AL MRHE R FE A6 & TRl &4k 47.0 /27T, 11 2018 4
% 18.9% . FHEBURZE G M AT RS, DAL VRl AEM R 7 X AR iR 1Y
VAT 101.4 T 7T, [ 2018 4R/ T 35.4%",

FEX [0 A6 L, BIA R &FENTE 11 ~ 10 JIeiyA RITUELS A RS TUEY) 44%,
IZX A R E# R 221470, (G ATREEHR 1.5%; 100 J1 76K DL ER A R
H10.0%, GIRE50 Uik 89.6%; RIGRHE AL A [ A AT 1 AZTTH R AT 24 33,
#2018 4F T % 20% .

(2) BHIFA G il 71

P b ERHE BUR AR 2020 AR B ) it gL, 2019 4%, 4 EIE 4 FUBACR i
BHIFA B 74496 AR, Lt 2018 4F38 K 1.7%; A NFRISEL G FEBCE il 483k 53.1 120¢,
AR 23.6%; HrP A R4 % 30.9 1275, T 2018 AR K 17.9%, WA IR K

O ERRHL . T E R R AL 2020 SF S (RS BAC S RITBE TR ) &4 [EB/OL . (2021-
04-15) . hitps://www.163.com/dy/article/GTKFI6QS05382249.html.
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2224256 Y. WR 54k B SRR GO A B4 AR 4 4 Ak 47.6 429G, 1 2018

SRR 26.2%, (SR AREH (53.11200) BLERS] 89.6%, #Hid (it (hIEA
E AN AR AR AL ) 5 FRE ) @ 0 b LR T 50% BORLRE , BORZIR 3%
BE

(3) LRI

2 AR e T A e R R A T R AR A ST IR, A SR KR AR
PR, BEATHTIG ST, SR R SRR R . BRI S HE S R I R T
I CHERTAE . =7 B, FREAA RSO LR AR AR R e 78 30% LU, o,
A AT 8 L R AR RS A 40% LU E .

P (2020 4EPEEFEE R ) © Bk, 2020 AEFR E LR STER AL MR, AL
FIRERACTE BREE AW T, P8 A o, FREA L RISEiiR (£ 1-2-14) M 2019 41
55.4% L F+5) 2020 419 57.8%, LHRIEHORGED L. WA LFRIRE, 2020 443
RN RS % R 50.7% . PR N 34.7% . VFAT K 7.9% ., FHEEE N 6.2%, #2019
o RIERTE 1.3, 1.8, 2.4, 18 AR, AW LR SR E e . B FRMIF A
ARCERIEMR (£ 1-2-15) (EK 11.7%, BHFEAL 30.0% ) . 7Mbb (E# 3.0%,
RHIFEAAT 12.0% ) MK TAAY 62.7% . 46.0%; VFAR (i 4.4%, FHIFELL 5.8% ) il
Bl (FAL 3.6%, BHIFERLT 3.5% ) W RART AL 6.5% . 4.5%; VRO AR LLGI0]Z
R (2.7% ) Fidl (2.8% ) TR TRMIFEN: (3.2%) o A TR, EREFFBUGA A
LR ARA LR EZERNE R A B TR T REAR SN, GRIFEBRE N
RS B AR LM 5 BRI L IR il 29 LRI E AR A 80
M EBHER 5 BAXIRE KL FIBGF TR, LR KRR &
WHAR AL PR FERL” o

£ 1-2-14 2019—2020 EHENEAEF SIEIRER (7. %)
SR FEl AR JAan kR
2019 4F 494 32.9 5.5 44
2020 4F 50.7 347 7.9 6.2
[F] e 13 1.8 24 1.8

BRI : 2020 A4Erp EE RIS ) .

@ AR, T ERHCR AL 2020 4R EEARE (RAEBER SRMITBE TR ) &4 [EB/OL]. (2021-

04-15) . https://www.163.com/dy/article/G7KFI6QS05382249.html.

@ HEpE. it Chie NRISRE GRS SRk ) e [EB/OL ], (2016-03-02) . http://www.
gov.cn/zhengee/content/2016—03/02/content_5048192.htm.

@  FEZEAPRUR. 2020 AEPEEFPAEMRS [R]. Jbat: EEHR AR, 2021
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£ 2020 2021 SRIRRIR

EEgym A
=Ea=]

R 1-2-15 2020 £, SRMBFBAELENSGIERER (Hfr: %)
SR FEl bR P eyl FEM AR LA
Al 62.7 46.0 6.5 45 2.8
[ 11.7 3.0 4.4 3.6 2.7
BHIF A 30.0 12.0 5.8 35 3.2

Bl - (2020 4 E LA A ) o

—. FREREWNR

1. BFEAA R MERAER & 5 K

R&D A b3 A RN 2 ot e [l BB & sh i it , 2 S g ERHEE & TR R4 H AR iy
5. 2010—2020 4%, FKE R&D A G4 & 2 m Y i 5l B4R ARG g4, 2020 45
h523.5 TN, H 2019 4FHEK 9.05%, 295 2010 4ERFAY 2 5.

R AR, R&D A SRR EAA B 58 AR R IR &, HER
LM R TR ER AR T BB X IR (REEEF LRSI AR) ©, 2016—
2020 4F-F [ 7o 25 2 4G £ AT HOM B 43 9 160.20 T3, 163.32 77, 167.28 J7, 174.01 J7 .
18330 T N, EBAEMK s, BN 1.95% ., 2.42% . 4.02% T 5.34%, 305 ZAE
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@ HEW. SEAEF LRGN [EB/OL].
@ HH. 2020 F SRR SRR 4% [ EB/OL ] .
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HRAEHE TS 2016—2020 4 (EEABFF W LRGEITANR ), “+=H" #n, FREF
TN NBUEK 65.9%, Sy \NEEK: 29.2%, WFFEA 353 BRI K. 2019 4E471k
oA 91.65 TN, Htii+E 1052 T, @it 81.13 J5 N5 Bl oA 63.97 Ti A,
Horp A 6.26 7N, i+ 57.71 J7 A, 2020 4, T2 kBN, BRIk
WF7EA4E 110.66 7N, HaiF 20.74%, HopftA4: 11.60 J7 A, #it4 99.05 7 A, AiAF5T
AERIEY R, B BRI 17.92 T3 5 Bl #iiseA: 72.86 T1 N, Hifli4: 6.62 T7 N, Al
+4: 66.25 TN, ASTEHE SR LY RIS, WLk 1-2-16. B 1-2-3,
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Ay - — -
e A A= WA it A
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2018 85.80 9.55 76.25 60.44 6.07 54.36
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100 20.8 /. 2
2 80 ~
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FAEMPE— Y0, WFoe A S IM B A BB A E AN B & Rt . 2019 4F 4 [ AF 53 4L S0
FIFAS] 462009 44, 42 2018 AEHENN T 7.41%. AEVRHAIAS] 6.2 1, H 2018 4Ef1) 6.35: 1
BT, SR AR s a5 . RISEE I EgE, fELs
b, WRFE AR UM AR R A I = R FR B S0 216545 44, (i L 46.86%; RIS K

&7



&2

- 2020-2021 FRIRRIRESET

| 204797 44, It 44.32%, WELEEEIL T 90%., &R ISR SR AR Rl &k R I

ST BRI

2. FAREAL REF B

TERPEMEZ KA s BeEg” A5, 2021 48, 23K 70 24~ FE M X
1) 6602 2K FI £ U 1 = B 5 | BHE RS, #2020 4EFE ) 6167 ARG K 7.05%. A
Bl FAE R LRI LR T 2R S5 1850, B IIRAE Web of Science H A T [F] 27}
HIHT 1%, 8 T A IFERTTh A EZAAR W J) . 3 1-2-17 451 T 2020 4EEE A 2021 4
JERBE R o NRHEA T E R MK & 8, nTAE 1, R E N RRER BB A
BRSO, ABERFEZR L 2020 4ER9 770 AR (K 12.1% ) 38K 2091%, FHE] 931
AR (5L 14.1% ), MAIERZE, B, EEYERRFIIF K URE TR
A, HEps | Bl R U @@ i, BT S50 I B %

F1-2-17 2020—2021 FESHESIRIZH EENXRRT 10 WEKFHX Z 8

2020 4R 2021 4R
I T Bl Aol I L= S Bl B
e SR FlER | BER A 4 [ S Rl Rl £00
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2 Gl 770 12.1 ] 935 142
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8 e e8| 160 2.5 N 146 22
9 Fii 1 154 2.4 PYPEF 109 1.7
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770 &2 EF KB 10 ARENAE 114, L2019 4E38 0 2 228, 9l Rl (84

@ FHEMEL . Highly Cited Researchers 2020 [ EB/OL | . (2020-11-21) . https://ibook.antpedia.com/x/543882.html.

@ Bl4EMEL: . Highly Cited Researchers 2021 [ EB/OL | . (2021-11-16) . https://mp.weixin.qq.com/s/SZqlVlenc
82s—50uoUBqKA?scene=25#wechat_redirect.
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1 Tubular Weapons Technology

11 Introduction

The report on the development of tubular weapons summarises the results and technical
breakthroughs achieved through the fast growth of artillery weapons, rocket launchers and firearms.
Developments of tubular weapon technology are discussed regarding the areas of overall design,
propulsion, control, integrated information management, carrier platforms, new—concept propulsion,
materials and manufacturing. The future development trend of tubular weapon technology is

analyzed by comparing with the status quo of foreign systems and suggestions are made.

12 The Latest Research Progress of this Discipline in
Recent Years

1.2.1 Overall Technology of Tubular Weapons

The research on the development of the overall technology of tubular weapons focuses on the
technical priorities of weapon system of systems(SoS) formation, performance requirements
demonstration, design plan optimisation and integrated validation. With respect to field artillery
weapons, naval guns, rocket artillery weapons, anti—aircraft guns, assault guns, aircraft cannons,
automatic firearms and system simulation and testing, the current development of the overall
technology of tubular weapons is elaborated, the technical development at home and abroad
compared, future technical development trends are analyzed and suggestions made for the
development of the overall technology of Chinese tubular weapons.

Over the past few years, tubular weapon technology and systems developed rapidly. Traditional

stand—alone systems have been converted and forming a SoS. Focusing on combat missions and
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capability requirements, integrated SoS design methods have been devised, providing vigorous
SoS method support for forming and maintaining the fire strike superiority of tubular weapons
featuring “longer range, faster response, better fusion, improved accuracy, more intelligence
and increased firepower”. To meet the requirement of constructing an organic SoS, a SoS design
framework has been established, which evolved from “requirement level decomposition” to “design
and development process iteration” and then to “complete integrated SoS packages”. With the
concepts and methods of object—oriented and system—oriented design, fast and complete research
and development of weapons and their support systems have been realized. In order to address
the challenges posed by diversified combat tasks for tubular weapon systems, an integrated path
of development for product lines has been set up with the characteristics of “fused technologies,
common modules and multiple forms”. By means of ballistic compatibility of different ammunition,
common ballistic technical specifications, combination of functional component modules,
platform and gun system integration, weapons are made multi—functional, capable of providing
suppressing fires, assaulting and air defence and adaptable to forests, mountains and high altitude
environments. Thus, a system of systems based on product lines has come into being. For the in—
depth application of the overall demonstration methods for tubular weapons based on effectiveness
and ergonomical evaluation, the priority is the establishment of an assessment model of SoS
contribution ratio by combining modern modes of war with the field application of tubular weapons
so that the development of technology and equipment are driven by SoS needs. Advanced design
theories are developing rapidly in the overall design of tubular weapons with launching dynamics,
human—machine integration modeling, response analysis of sophisticated configurations, digitalised
design, virtual-reality(VR) simulation improving everyday in terms of technical readiness. They
have promoted the use of model-based design methods for tubular weapons, developed a full life
cycle dynamic design theory with high—level reliability and safety , and formed a corresponding
application framework. These have in turn effectively improved the efficiency of the overall design
of tubular weapons. The platform framework and interfaces for coordinated design are constantly

improving, laying a solid foundation for the systematized R&D of tubular weapons.

1.2.2 Propulsion Technology of Tubular Weapon

Tubular weapon propulsion technology focuses on new development priorities of tubular weapons
such as super long range propulsion, high accuracy firing, recoil control, automated loading and
underwater firing. The current status of propulsion technology is elaborated, the development
of propulsion technology at home and abroad compared, and suggestions for the development of
China’s tubular weapon propulsion technology made.

Propulsion technology is one of the most distinctive technical priorities of tubular weapons. The
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propulsion of modern tubular weapons stresses high propulsive energy efficiency, the precise control
of firing accuracy, the reasonable distribution of the launched payload, the automatic control of the
firing process and the compatibility with the firing environment. As firing energy keeps increasing,
traditional classic interior ballistics has evolved into an accurate modeling theory of multi—
dimensional two—phase flow interior ballistics, which serves as the theoretical foundation for the
ignition control, propellant gas generating pattern regulation, pressure wave suppression and safe
firing of tubular weapons when large propellant charges are used. The theoretical system of exterior
ballistic range extension is gradually improving. Based on the extensive application of aerodynamic
streamlining, powered and glide range extension, further developments of range extension are seen,
such as gun—launched solid ramjets, pulsed detonation propulsion and smart morphing control.
All of these have extended the range of tubular weapons by leaps and bounds. Progress in key
foundational theories of tubular weapons has improved the firing accuracy control theory, breaking
through the bottleneck of high accuracy firing with complicated disturbances by establishing high
accuracy firing simulation models with knowledge and data—driven methods. As a result, tubular
weapons have become precision area and point strike weapons with the help of real-time adjustment,
ballistic correction, guidance, navigation and control. In order to meet the needs of weight reduction
and high reliability, constant efforts are made to investigate the engineering application of new recoil
reduction technology. The soft recoil technology based on the fire—out—of—battery(FOOB) principle
has made a major breakthrough and entered the engineering application phase. The design theories
of new recoil reduction devices using the multi—-dimensional recoil technology based on load
separation and buffered energy release principles have become more and more technically ready.
They have opened new paths for the lightweight design of launchers with higher kinetic energy than
before. At the same time, with the development of the smart control technology, other highly effective
recoil reduction technologies using new materials and new principles are also breaking new ground.
These include magnetically damped recoil, resilient rubber damping and rarefaction waves. When
it comes to automatic ammunition handling, breakthroughs have been achieved in key areas such as
the flexible-rigid and electromechanical-hydraulic modeling of the sophisticated and heterogeneous
controlled object of specialised systems, the governing laws of parametric uncertainty and non—
linear factors on dynamic characteristics, the accurate measurement and identification of the
characteristic parameters of control models and control model validation. All of these combined with
the progress of the smart fusion of various technologies have lead to the successful development of
high real-time motion control algorithms extreme conditions of strong and complicated disturbances
and uncertain parameters, thus making tubular weapons capable of rapid, reliable and automatic
loading. Underwater launching has also been advancing rapidly with theoretical breakthroughs in

fully sealed, fully submerged and gas screen launching. Some key technologies are validated, such
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as the cross—media launching of tubular weapons and underwater high rate of fire launching. They

have moved underwater launching technology further out of the laboratory and into the field.

1.2.3 Control Technology of Tubular Weapons

Tubular weapon control mainly consists of weapon control and fire control. It serves as the
foundation for the informatisation and digitization of tubular weapons. With respect to the fast
response control of tubular weapons, high precision auto—laying, ballistic data correction control,
fire coordination control and smart power distribution management, the status quo of tubular weapon
control technology is discussed in details and the gap between tubular weapon control technologies
at home and abroad analyzed. Suggestions are also made for future development priorities and
solutions.

Modern tubular weapons must be responsive and able to “shoot and scoot”. Therefore, major efforts
are made for the modeling of sophisticated electromechanical coupling among multiple subsystems
of a tubular weapon and the coordinated control of different systems at extreme service conditions,
leading to breakthroughs in multi-source data driven tubular weapon control. Inertial measurement
and satellite positioning are used extensively to realize the real-time positioning and orientation of
tubular weapon platforms. And high—speed auto—laying is achieved by using strap—down inertial
navigation laying and big inertia servo stabilizing control. Fast and accurate correction can now be
made to firing data and flight trajectories thanks to real-time ballistic trajectory extrapolation models
and real-time ballistic adjustment control. Distributed fire coordination control has been developed
for integrated and coordinated fire strikes. In key technological areas such as tactical internet—
based and distributed communication, fire coordination, multi—target fire assignment, optimum
fire decisions and tactical unit fire mobility coordination, breakthroughs have been achieved and
engineering applications realised. In order to adapt to the needs of rapid laying and automatic
ammunition handling for high power supply management and smart power distribution management,
breakthroughs have been made in key technological areas such as the integrated control of
electromagnetic payload power supply, high voltage accumulation and peak power compensation,
high and low voltage smart power distribution management and high voltage power supply safety
protection. Fault detection and diagnosis have been made autonomous for complex missions and

control is becoming smarter and smarter.

1.2.4 Integrated Information Management of Tubular Weapons

The integrated information management of tubular weapons refers to the technology that integrates
various functions of a weapon system and platform such as detection, identification, communication,

navigation, electronic countermeasures(ECM), mission management, travelling and fire control
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into an organic whole so as to make full use of the effectiveness of the integrated weapon system.
In recent years, the priorities of integrated information management are on—board electronic
communication networks, smart human—machine interaction, fault prediction and diagnosis and
simulated training. They have effectively supported tubular weapons to be more information—based
and to develop as a SoS.

The bus used by Chinese tubular weapons, which is CAN-based, has been improving constantly.
Currently, The application research of new buses based on CAN-FD, Flexray and switched
Ethernet is gathering speed. Multi—field bus integration is realised to adapt to the needs of
real—time transmission of different types of data. Multi—frequency wireless broadband ad-hoc
networking has been developed for building the communication network for the command and
control, reconnaissance, communication of tubular weapons. With this technology, multiple weapon
platforms can be interconnected and come on and offline with local access while sub—networks can
be merged and divided. The crew control terminals are no longer based on the interaction mode
using keyboards and menus. Instead, new information management control methods including body
feeling augmented control, situation coupled control and man—on-the—loop monitoring are gradually
put to use owing to the development of multi—source information sensing and fusion. Research
has also been done in the areas of reliability analysis, integrated fault diagnosis and preventative
maintenance for the health management and status monitoring of tubular weapons. Thanks to these
efforts, predictive methods based on theoretical inference have been developed and performance
degradation analysis models built. All of the above combined with situational awareness and
machine learning have promoted the engineering application of the fault prediction and prevention
of tubular weapons. While the emphasis is put on the development of combat systems, simulated
training is also improving accordingly. Simulated training architecture based on the DIS and HLA
hybrid architecture has been established by combining tubular weapons with distributed interactive
simulation, VR and computerized force generation, thus leading to the conversion of combat system

training to simulated joint operations and force—on—force training.

1.2.5 Carrier Platforms of Tubular Weapons

Carrier platforms are the basis for modern tubular weapons to realise rapid manoeuver and cross—
domain operations. China has developed various land—based, air-based, sea—based and specialised
platforms for tubular weapons. Over the past few years, significant progress has been made in
product line expansion, mission integration, compatibility and adaptability and autonomous control.
It has supported the development of tubular weapon product lines.

Land-based carrier platforms emphasise “product line expansion and cross—domain mobility” and

make possible the combat mode of decentralised forces and concentrated fires. Carrier platforms and
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tubular weapons are integrated as modules. The product line development paradigms of wheeled,
truck—mounted, tracked and towed systems have been formed. The application of wheel hub drive,
large—displacement suspension, advanced sensing and auto driving, amphibious/air—dropped/
transported technologies have improved the multi—-domain operations capability of equipment.
Air-based carrier platforms focus on “firepower improvement and mission integration”. The
helicopter cannon weapon has solved the problem of high firepower and low recoil accurate firing.
The combination of transport aircraft and multiple types of tubular weapons has promoted the
development of tubular weapon systems based on aerial platforms, achieved breakthroughs in the
buffered control of launched payloads, constructed a precision computational model for large angles
of attack trajectories based on non—linear aerodynamics and realised the integration of the mission
payloads of aerial platforms. Sea—based carrier platforms attach importance to “compatibility and
adaptability and function integration”. The large—caliber naval gun has achieved key technological
breakthroughs and made progress in multiple original technologies. The control technology of
surface—to—air engagement based on radar threshold is developed, stabilised launching control
theories based on sea wave spectrum inversion models proposed, and sea—based long-range
precision fires achieved. Unmanned vehicle platforms focus on “autonomous control and smart
decision—making”. Efforts are made to match weapon systems with unmanned ground, aerial and
surface vehicles and realise their autonomous control so as to promote the development of the

unmanned equipment.

1.2.6 New Propulsion Concepts of Tubular weapons

New propulsion concepts are no longer limited to solid energetic materials used by traditional
tubular weapons as the source of energy. Instead, new energy sources are used for propulsion, such
as the Lorentz force, plasma and gas with low molecular weight. This has gone beyond the limit of
traditional propulsion technologies.

Although China is a latecomer when it comes to new propulsion concepts, it has come a long way,
especially in the areas of electromagnetic(EM) launch and electro—thermal—chemical(ETC) launch,
where significant progress and fruitful results have been achieved. Breakthroughs are made in EM
railgun in—bore stability control during high—speed launch. As a result, launching consistency
is significantly improved. And breakthroughs in high accuracy launch and rail erosion and wear
control have promoted the engineering application of EM railguns. In terms of ETC launch, key
solutions are found for high energy density pulsed power-supplies, plasma generators and low—
temperature muzzle velocity compensation.ETC launchers have also been successfully integrated.
As for combustion light gas(CLG) launch, a simulated experimental system has been built and stable

interior ballistic control realized.
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1.2.7 Materials and Manufacturing Techniques of Tubular Weapons

The materials and manufacturing techniques of tubular weapons serve as the technical foundation
for the delivery of design and field application. They are indispensable in the technical development
of tubular weapons. In recent years, China has conducted research on tubular weapons and achieved
a streak of technical breakthroughs in key areas such as the processing of new high strength gun
steel, fabrication of lightweight components, application of nonmetallic materials and improvement
of specialised processing techniques.

The new gun steel is a type of advanced gun steel, which is of high strength and ductility because
alloying and oxidant control methods are employed together with corresponding metallurgic and heat
treatment techniques. By means of the topology optimisation of lightweight structures, lightweight
materials such as titanium and aluminum alloys are now used in key structures of tubular weapons,
significantly reducing system weight. Super high—strength carbon fiber materials are now applied
to launchers, particularly to newly—emerged ones like EM railguns, which has led to significant
progress. Processing techniques are constantly improving, for example, the precision processing
of large size components, the processing of deep holes with large L/D ratios and the precision
installation of sophisticated components. New materials and processing techniques such as bionic
materials and additive manufacturing(AM) are applied to the manufacturing of tubular weapons,

improving manufacturing efficiency and laying a foundation for flexible manufacturing.

1.3 Comparison of Research Progress in this Discipline at
Home and Abroad

1.3.1 Overall Technology of Tubular Weapons

Compared with the development of the overall technology of foreign tubular weapons, China has
fast—tracked the development of its tubular weapons in recent years. A number of advanced world-
class systems have been developed, some even being top—ranking in the world. As for Chinese
tubular weapons, significant achievements have been made in terms of overall design ideas, design
methods, module integration and multi—capability combination. However, there are still some
outstanding problems such as caliber redundancy, incomplete hallistic standards, impeded R&D
coordination and shallowly explored frontier areas. These are the priorities to which attention should

be paid in the future development of the overall technology of tubular weapons.
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1.3.2 Propulsion Technology of Tubular Weapon

As the propulsion technology of foreign tubular weapons continues to develop in a steadfast way,
China is advancing rapidly in this area and has made major breakthroughs in long-range firing,
high accuracy firing and high—speed automatic loading. Weaknesses in foundational theories are
being made up for and some of the technologies are already world—class. As the exploration and
application of next—generation technologies for tubular weapons paces up, more innovative technical
plans are being proposed by Chinese scholars in the areas of long—range firing and precision
strikes, laying a sound foundation for China to pick up speed and lead the frontier research of
tubular weapons in the world. Tubular weapon propulsion is moving towards increased intelligence,
extended range and precision. Therefore, more importance should be attached to the merging of the
different fields of tubular weapon technology, the intertwining of different disciplines and the in—

depth development of foundational theories.

1.3.3 Control Technology of Tubular Weapons

Compared with what other countries have achieved in automated control, smart management,
network interconnection and control integration and their application, China is still lagging
behind in terms of unmanned autonomous operation of tubular weapons, smart target identification,
battlefield situational awareness and visualisation, networked and coordinated operations and smart
and autonomous control. Targeted research should be conducted and accelerated so as to close the gap

existing in the technological foundation and make tubular weapon control more unmanned and smarter.

1.3.4 Integrated Information Management of Tubular Weapons

Some foreign countries applied digital communication to tubular weapons much earlier than China,
by which they have realised automated control, network interconnection and integration, as well as
integrated fusion of gun control and fire control data. Comparatively, China’s integrated information
management technology started much later. However, with the rapid development in recent years,
China is gradually closing the gap and forming a distinctive technological system. To make future
systems more information—based and smarter, more efforts should be made to achieve breakthroughs
in key areas such as the reliable interconnection of tubular weapons in sophisticated battlefield
environments, the modularity of information management systems, the intelligence level of interactive

terminal modes, the precision of dynamic fire control and the VR combination of training exercises.

1.3.5 Carrier Platforms of Tubular Weapons

Compared with the development of the carrier platforms for tubular weapons in other countries,
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China has developed a more complete array of carrier platforms, particularly unmanned ones,
which are mushrooming. However, many foreign manned and unmanned platforms are battle—
proven. It helps determine the technical approach that should be adopted when developing carrier
platforms for tubular weapons and it is also something that Chinese carrier platforms lack. In China,
different platforms are developing in parallel without any priority. This means there should be more
studies about a system aimed at smart operations and a core carrier platform product line should be

established.

1.3.6 New Propulsion Concepts of Tubular Weapons

After many painstaking efforts, China has come a long way in terms of the foundational theories, key
technologies and engineering application of EM and ETC launch compared with the development of
new propulsion concepts in other countries. System integration has been successfully achieved and
reached world—class level, with some core features ranking the top in the world. However, Chinese
CLG launch still has not moved out of the lab. There is a gap yet to be closed as other countries are

consistent with relevant foundational research.

1.3.7 Materials and Manufacturing Techniques of Tubular Weapons

Compared with the advanced material and manufacturing system of tubular weapons in other
countries, the application of new materials in China is still on a limited scale. The fabrication of new
materials and processing techniques are yet to be improved. A clear gap is to be closed in terms
of barrel life and the application of lightweight materials. Future priorities should be the technical
development of barrel life extension, advanced manufacturing equipment, processing system

standards and smart manufacturing methods.

14 Development Trend and Prospect of the Discipline

To meet the enhancing of the informatization, unmanned, intelligentize requirements in future
battlefield, tubular weapons equipment will be more prominent in features of long—range, accuracy
and coordination, which put forward new requirements for the development of tubular weapons
technology. Long range will be the typical feature of cross—generation promotion and development.
Accuracy will be the basic requirement of modern barrel weapons. Intelligentization design will
become the inherent basic element of tubular weapon equipment. Multi—functional will become
the important foundation for improving efficiency of tubular weapons. Lightweight will become

the core constraint that determines the vitality of tubular—weapon equipment. The systematization
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of equipment will reflect the comprehensive ability of tubular weapons to meet the actual combat

needs.

2 Aviation Science and Technology

Aviation science and technology is a highly intensive industry of talents, knowledge, technology,
financial resources and policy resources, and it is also a rapidly developing industry full of fierce
competition. At present, digital technology, artificial intelligence technology, new energy technology,
environmental protection technology and other high technologies have been widely applied to the
aviation field, which puts forward higher requirements for our development of aviation technology.
As an annual report on the development of aviation science and technology for 2020 —2021,
this report introduces the domestic and overseas remarkable achievements and research gaps
in the aviation field from 2016 to now, as well as the present situation of the aviation industry in
recent years. The report covers the following eight aspects: aircraft, aircraft structure, aviation
electromechanical technology, aircraft guidance, navigation and control system; avionics, aviation
physiology and lifesaving protection, aeronautical materials technology, aviation manufacturing
technology. Here is a brief introduction to these ten aspects.

In overall aircraft technology research and engineering applications, The J-20 aircraft, J-15 and
Y20 have heen officially installed in the Chinese air force and Navy. Some of these aircraft have
been equipped with domestic engines. Their derivative models are also under development. Besides,
significant progress has also been made on the C919, the AG600 amphibious aircraft, the new long—
range inspection and fighter multi—purpose UAS — Wing Dragon 11, the L15 advanced trainer and
the Teach—10 advanced trainer, and many other types of aircraft.

In terms of helicopters, Military helicopters such as the WZ-10, WZ-19 and WZ-20 have greatly
improved the ability of our military to conduct reconnaissance attacks and transport supplies. The
AC311, AC312A and AC313 helicopters have also opened up the field of civil helicopters in China,
filling the gap of developing large transport helicopters in full accordance with the requirements and

procedures of the airworthiness regulations.
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The official establishment of Aero Engine Corporation of China (AECC) in 2016 marked a new
beginning in the development of Chinese aero—engines, which means the development of China’s
engine industry changes from the traditional product—centered organization mode to the customer—
centered organization mode. WS—16 engine received the type certificate issued by the Civil Aviation
Administration of China in October 2019. the design and development of various kinds of turboprop
engines, such as the AEP500 engine, the AEP80 engine and the AEP50E engine, is being carried
out orderly. In the aspect of small and medium thrust turbofan engines, engines like AEF50E,
AEF20E and AEF100 can meet the power requirements of different classifications of UAVs. While
in the aspect of large commercial turbofan engines, the CJ-1000 engine, can provide thrust for large
trunk airliners such as the C919. Private enterprises that have made great hreakthroughs in engine
materials and blades also began to integrate more into China’s engine industry chain.

In the aspect of aircraft structure, a preliminary strength design automation system has been
built, thus improving the efficiency of strength design. The aerospace structural health monitoring
technology has completed laboratory research and is being carried out to verify the application in
ground strength tests of aircraft structures and flight tests of some sensors.

In the field of aviation electromechanical technology, China has carried out two main aspects of
work. First, they put forward the overall solution from the top—level design of the system which
carries out systematic and comprehensive research work starting from two technical platforms.
Second, they put forward the overall system solution from the combat mission and the overall
functional needs of aircraft. China has made progress in many aspects such as system software, bus
technology, sensor technology and fault prediction and health management.

In the area of aircraft guidance, navigation and control systems, China’s self—developed guidance
technology is making rapid progress with the vigorous development of missiles and unmanned aerial
vehicles, which basically meet the needs of military and civilian missions. In terms of navigation
technology, optical gyroscope technology has developed rapidly; inertial/GNSS combination has
achieved great success. Progress has also been made in advanced technology fields such as atomic
navigation. The flight control system is constantly evolving with the development of technology.
Intelligent autonomous control is the main direction of current flight control system.

The domestic avionics system has made great progress mainly in the following areas. the civil
aircraft system development capabilities and environment have formed preliminarily, which leads to
the development of other models. Each supplier has built up a development environment covering
the whole life cycle of system development. Through the development of domestic civil aircraft
projects, the major avionics system companies have deepened their understanding of civil aircraft
airworthiness. The development of avionics systems has always been centered on the development

vein of “integrated, digital, networked, intelligent” and has been deepening.
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The development in the field of aviation physiology in China has played a role in promoting
innovative developments in the development of intergenerational system equipment for electronic
breathing regulators for pilots of new—generation aircraft. In the field of aviation protection life—
saving research, China has carried out upgrading work on the third—generation rocket ejection
seat, while the fourth—generation ejection seat has also achieved leapfrog development. China
has developed individual protective devices such as FZH-2 integrated protective suit, WTK-4
integrated protective helmet and YKX-1 chair—-mounted oxygen anti—charge adjustment subsystem
for the characteristics of fourth—generation warplanes and so on.

With the development of aviation equipment, China has basically formed a more complete aerospace
materials development, application research and batch production capacity, and successfully
developed a number of more advanced material grades, the development of a number of material
acceptance, process and testing standard. China’s independent development of high—temperature,
high—strength alloys breakthrough in a number of key technologies, some of which have been
successfully applied in aviation equipment. The performance of some materials in the transparent
parts and rubber sealing materials has reached the international advanced level. The development
of China’s coating materials not only make the coating layer performance significantly improved, but
also make the coating technology gradually from the traditional high pollution technology to the new
green technology change.

For aviation manufacturing technology, the amount of resin—based composite materials for domestic
aircraft has been rapidly improved, and the amount of composite materials for large passenger
aircraft C919 aircraft accounts for about 15%, and the main structure of most domestic unmanned
aireraft is 100% composite materials. China’s new direction in the development of automated
assembly digital flexible assembly has carried out a lot of research, and also formed a certain scale
of patented technology group and high—quality development industry chain in advanced welding
technology characterized by high efficiency and high precision.

This research work tries to analyze the development of aviation science and technology according to
the classification in this field. By summarizing the new progress, new achievements, new insights,
new ideas, new methods and new technologies, as well as conducting comparative research with
the international advanced level, the development trends and hot topics of aviation science and
technology are presented in this report. Based on the strategic needs of national economic and social
development, the prospects in this field are indicated, and suggestions on key research are put
forward.

In recent years, China has steadily increased its investment in the development of aviation science
and technology. New projects have been completed. New aircrafts have made their first flight. New

equipment has been deployed to the army. Technological research and verification experiments have
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been done continuously. Although China is still in the catch—up stage from the current situation and
status, it is still a serious competitor in the aviation field. It is an inevitable choice for China to take
the road of independent research and development. In the future, we Chinese should strive to make
greater breakthroughs in key technologies such as aero—engines, new materials and aerodynamic
configuration design with strong will and enduring patience. We Chinese should strive to achieve
fully autonomous and controllable development and constantly narrow the technological gap with

other aviation superpowers.

3 Bridge Engineering

3.1 Introduction

Bridges refer to the structures erected on the water or in the air to cross obstacles to achieve traffic
functions. Bridges are the economic arteries and traffic carriers related to the national economy
and the people’s livelihood. In recent years, China’s bridge engineering has developed rapidly and
has achieved world—renowned achievements. It has become one of the main driving forces for the
advancement of international bridge technology and technological innovation, and it is developing
from “follow runner” to “leader runner”. China has built 910,000 highway bridges with more than 66
million meters, and about 90,000 railway bridges with a length of about 30,000 kilometers, ranking
first in the world in the number of bridges. Among the 10 world widely largest span bridges in each
bridge type, China has 5 beam bridges, 7 arch bridges, 7 cable-stayed bridges, and 6 suspension
bridges.

Bridge engineering refers to the working process of planning, design, construction, operation
and dismantling in the life of bridges. The main content of the research of bridge engineering
discipline includes survey, design, construction, monitoring, maintenance, verification, testing,
etc. This development report on bridge engineering discipline carried out nine special researches,

summarized the development status of bridge engineering discipline in China, comparative analysis
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of bridge engineering discipline in our country with abroad, and proposes the prospects and proposal

for the advance in bridge engineering discipline.

3.2 Research Development in Recent Years in China

3.2.1 Important Progress in Scientific Research

In terms of bridge structure and span research, reasonable systems for a 5000m—span suspension
bridge and a 1500m—span cable-stayed bridge were proposed, and a 600m—span arch bridge
has already been under construction. A number of key technologies have achieved breakthrough
developments, including multi—functional large—span bridges, steel box or truss girder and steel—
concrete composite girder, design and construction of the deep—water foundation.

In terms of new materials and structures, a lot of research has been conducted on the materials,
structural performance, existing structure reinforcement and new structure related to ultra—high
performance concrete (UHPC). Technical standards have been also formed and gradually applied
to practice. In terms of high—performance steel, Q690 high—performance bridge steel and high—
strength steel wire with a strength of 2000MPa have been successfully applied.

In terms of loading and effects, the corresponding vehicle load model was established and a new
calculation method of impact coefficient was proposed. For the vehicle-rail-bridge coupled
vibration problem with rail transit bridges, significant progress has been achieved in analysis models
and efficient algorithms, random vibration and coupled vibration under multi—dynamic forces (wind,
earthquake), etc. A bridge wind vibration and control theory based on structural robustness has been
proposed, and the bridge wind resistance design theory has been changed from the traditional “current
safety design” to the theory of “life—cycle performance design”. The performance—based seismic
design theory and methods for large—span bridges have been proposed. New types of damping
and energy consumption system or self-recovery structure have been developed. The multi-field
coupling effects of wind, waves, and currents in the marine environment have been studied.

In terms of monitoring and testing, high—precision automated monitoring systems with Beidou,
optical fiber sensing, and fully automatic intelligent robots have been developed, realizing the
real—time monitoring of structural effects, cracks, corrosion, and environment of important bridge
structures. Cloud monitoring platforms with cloud computing and cloud services have been
established.

In terms of vibration and control, inertial capacity technology was introduced for passive control of
bridge structure vibration. Active and passive control technology for wind vibration, self-resetting

anti—seismic bridge pier system, bridge impact and shock vibration control technology and rail
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transit bridge noise control technology have all achieved important progress.

3.2.2 Innovation Achievements in Technological Development

In terms of design methods and standards, the current design of bridge structures in China mainly
adopts the limit state method. In recent years, roads, railways, and the municipal industries have
released new design standards. In terms of full-life performance design, the stress limit design
method of prestressed concrete girder bridge under complicated stress was established. The design
theory of the large—span steel structure bridge based on system reliability has been proposed, and
the concrete structure durability design standard has been established. The research of durability
design of orthotropic steel deck and the basic design based on environmental protection have been
conducted.

In terms of construction and equipment, the construction technology with proprietary intellectual
property rights of large sea/river crossing bridge, prefabricated assembly highway and railway
bridge and mountainous bridge have been developed. Series of foundation construction equipment
have been developed. The management concept of “people—oriented”, “quality engineering” and
“delicacy management” have been implemented. Informational technologies of bridge construction
management have been wildly applied.

In terms of bridge operational and maintenance management, portable non—destructive testing
equipment and bridge loading experimentation suitable for various types of bridges have been
developed. The structural health monitoring system, and the field of sensing, data storage and
processing have great progress. In the performance and state assessment of the bridge, the long—term
evolution rules of time—dependent reliability for the life—cycle bridge structure was ascertained, and
condition evaluation, failure mode prediction and safety warning mechanism of the structure were
proposed. The anti—corrosion ability of concrete structures was enhanced from the improvement of
corrosion resistance of steel and concrete. The anti—corrosion ability of steel structure and steel cable
was improved by coating and dehumidification. The maintenance management system combines
information technology to form an asset management system. In terms of intelligent maintenance,
rapid identification and intelligent analysis of bridge inspection data have been realized, and BIM
was gradually becoming the technical basis for the integration of bridge construction, management
and maintenance.

In terms of intelligent construction, operation and maintenance, artificial intelligence—based bridge
structure design and aerodynamic shape optimization design technologies have been studied, and
intelligent concrete and intelligent cables have been developed. The information management of
the entire construction process based on the new generation of information technology such as BIM

technology and “Internet +” has been realized. Intelligent detection technologies with unmanned
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aerial vehicles (UAVs) and intelligent robots have been developed, and a significant progress has

been achieved in intelligent disaster prevention and mitigation.

3.2.3 Significant Achievements in Bridge Construction

China’s bridges are constantly breaking world records, and major achievements in bridge
engineering construction continue to emerge. In recent years, Quanzhou Chenggong Bridge with
a main span of 300m has been built. The largest concrete arch bridge, Beipanjiang Bridge in
Shanghai—-Kunming High—speed Railway, and the largest concrete—filled steel tube arch bridge,
Guangxi Pingnan Third Bridge, have been built successively. The second and largest suspension
bridge in China, Wuhan Yangsigang Bridge and Nansha Bridge, the longest sea—crossing bridge,
Hong Kong—Zhuhai—Macao Bridge, and China’s first rail-cum-road sea—crossing bridge, Pingtan
Straits Bridge, have been built. The world’s first rail-cum—road cable—stayed bridge over 1000m,
Shanghai—Sutong Yangtze River Bridge, and the world’s first rail-cum—road suspension bridge over
1000m, Wufengshan Yangtze River Bridge, have been open to traffic. The world’s first three—tower
cable—stayed bridge with an all-steel—concrete composite structure, Nanjing Jiangxinzhou Yangize
River Bridge, has been also built.

Series of super—large—span bridges will be established in the 14th Five—Year Plan period. The
construction of the cable—stayed Changtai Yangtze River Bridge with a main span of 1176m has
started, and the Guanyinsi Yangtze River Bridge with a main span of 1160m and the Ma’anshan
2 x 1120m three—tower rail-cum-road Yangtze River Bridge have been under design. The above—
mentioned bridge will once again refresh the world record of cable—stayed bridges. Furthermore,
Guangxi Longtan Tianhu Bridge will promote the world arch bridge span record to 600m. The Zhang
Jinggao Yangize River Bridge with a main span of 2300 m, and the Shiziyang Sea Crossing Channel

with a main span of 2180 m will break the world record for suspension bridges.

3.2.4 Successful Practice of Operational and Maintenance Management

Chinese bridge construction is in a critical transition period from “construction as theme” to “equal
emphasis on construction and maintenance”. On the one hand, with the rapid development of new
bridges, the contradiction between the high requirements for service safety or quality of in—service
bridges and the insufficient structural performance has become increasingly prominent. On the
other hand, bridge operational and maintenance management have the characteristics of long time,
complex problems, many influencing factors and complex mechanisms. Therefore, it is necessary to
build a complete bridge operation and maintenance support system.

In terms of systematic monitoring and safety assessment, Shanghai Xupu Bridge, Poyang Lake Bridge

and three major bridges in Hongkong have achieved great success in the early stage bridge health
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monitoring systems. After that, standardized management and ensuring driving safety have become
the development direction of bridge operation and maintenance management. Nanjing Dashengguan
Yangtze River Bridge, Sutong Yangtze River Bridge and Guangzhou Huangpu Bridge have achieved
great success in this area. In terms of preventive maintenance and performance improvement,
Jiangyin Yangtze River Bridge, Donghai Bridge and Junshan Bridge have improved the safe service
level of degraded bridges by adopting reasonable materials, structures and technological measures.
In terms of intelligent detection and digital twinning, Hong Kong—Zhuhai—Macao Bridge and Wuhan

Tianxingzhou Yangize River Bridge has made many explorations in intelligent detection.

3.3 Comparison of the Research Development at Home
and Abroad

3.3.1 Bridge Structure and New Materials

In terms of large—span girder bridges, China has 5 bridges among the 10 largest—span girder bridges
in the world. The 2nd Chongqging Shibanpo Yangtze River Bridge built in 2006 has created and
maintained the world record for girder bridge spans. In terms of large—span arch bridges, China has
12 bridges among the 15 largest—span arch bridges. Guangxi Pingnan Third Bridge is now the largest
arch bridge in the world. In terms of large—span cable—stayed bridges, China has 7 bridges among
the 10 largest cable-stayed bridges in the world. The Shanghai—Sutong Yangtze River Highway—
Rail Bridge is the world’s first rail-cum-road cable—stayed bridge with a span of over one thousand
meters. In terms of large—span suspension bridges, China has 6 among the 10 largest suspension
bridges in the world. Yangsigang Yangtze River Bridge and Nansha Bridge are the second and third
largest suspension bridges in the world, respectively. The Wufengshan Yangtze River Bridge is the
world’s first rail-cum—-road suspension bridge with a span of over one thousand meters. In terms of
sea—crossing bridges, China has 6 bridges among the 10 longest sea—crossing bridges. The Hong
Kong—Zhuhai—Macao Bridge is now the longest sea—crossing bridge in the world. The Pingtan Straits
Rail-Cum—Road Bridge is China’s first rail-cum-road cross—sea bridge. In terms of large—scale
deep—water foundations, while China’s pile foundation has made great achievements in construction
technology, it faces the dilemma of outdated theoretical methods and design specifications. There are
extremely high construction risks and long construction periods behind the brilliant achievements of
the deep—water foundation. In addition, the insufficient construction technology with high integration
of mechanization, automation and intelligence needs to be improved.

In terms of high—performance materials, Chinese ultra—high—performance concrete research started

relatively late, but it has developed rapidly in material and structure. Compared with Japan, the
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United States, Europe and South Korea, Chinese high—performance bridge steel has a large gap in
strength, performance and application volume, but the gap in steel-concrete composite bridges is

gradually narrowing.

3.3.2 Load Effect and Vibration Control

In terms of bridge load effects, the loading determination methods suitable for super long—span
multipurpose bridges and specific—purpose bridges are needed to be established currently. The
method for determining bridge load and effect suitable for different regions, economically developed
regions and heavy industrial areas should be formulated. Multi—hazard bridge effects research
should be conducted, and keep up with the progress of foreign research.

In terms of bridge disaster-resistant design and control, the number of wind tunnel laboratories and
earthquake simulation shaking tables in China ranks first in the world. Flutter and vortex—induced
vibration control mainly adopted passive control methods, and all countries are exploring active
control methods. Domestic and foreign researches on the resilience evaluation of bridge structures,

pier anti—collision design, and noise control of rail transit bridges are still in the preliminary stage.

3.3.3 Design Methods and Standards

In terms of design methods and index, most bridge designs used to limit state design methods. The
structural reliability index during the design reference period specified in the Chinese standard is
generally higher than that of the European and the American.

The design value of the load effect calculated in accordance with the Chinese standard is about 20%
larger than that of the Japanese code. The design service life of highway bridges in the United States

is 75 years, while that of China is 100 years.

3.3.4 Construction Technology and Major Equipment

In the construction of large—span bridges, China has a number of technologies that are in a leading
position in the world, such as the stiff skeleton construction methods of arch bridges, climbing
formwork construction methods, steel tower hoisting methods, large—segment steel beam hoisting
technology, rotation construction, ete.

In terms of bridge prefabricated assembly construction technology, China mainly focuses on piers,
cap beams and superstructures. Foreign research on foundation is more in—depth. For bridge
hoisting construction equipment, large hydraulic piling hammers are almost entirely monopolized by
foreign companies, and key parts of domestic equipment are still imported.

In terms of deep—water foundation construction technology, China has been in the forefront of the

world in traditional bored pile foundations and caisson foundations, but there is still a gap in the
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application of setting foundations, composite foundations and inclined pile foundations.
In terms of large—scale bridge construction management, China is still dominated by the general
contractor mode, while foreign usually adopt DB (design and build) or EPC (engineering procurement

construction) mode.

3.3.5 Monitoring, Inspection and Operational and Maintenance Management

In terms of monitoring and testing technology, foreign scholars are in a leading position in health and
safety monitoring, non—destructive testing technology and intelligent testing technology. Besides,
foreign scholars have proposed many new technologies and conducted pilot applications.

In terms of structural condition assessment methods, all countries have established their own bridge
inspection and assessment systems according to their maintenance needs. The condition assessment
methods have also tended to be diversified.

In terms of preventive maintenance methods, the Federal Highway Administration of the United
States has promulgated corresponding instruction manuals and guidelines. However, China has only
promulgated a few local standards.

Bridge operational and maintenance management systems have gradually developed in China.
However, China’s bridge management systems have problems such as unclear goals and inability to
achieve intercommunication and sharing of data and information between systems. Foreign system
information data sources generally have a unified format, and data integration and sharing have been

further developed.

3.3.6 Intelligent Construction and Digital Integration

In terms of bridge design and analysis software, although the research of bridge parameterization,
automatic design and analysis software have been conducted, there is still a gap between domestic
and foreign in analysis software.

In terms of intelligent bridge construction, domestic research has been more in—depth, but there is
still a gap compared with foreign countries in terms of 3D printing, intelligent bridge construction
control technology, and the development of automated construction equipment.

In terms of intelligent bridge operation and maintenance, the research of structural health monitoring
data science and engineering has been established in China, which leading the international
research direction. However, the development for the integration of intelligent construction,
management and maintenance technology is need to be improved. The development and application
of bridge asset management systems and intelligent information technology specifically for national

or regional bridges are needed to be further improved.
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3.4 Developing Trends and Prospects

3.4.1 Integrate and Optimize Resources, Strengthen General Basic Research

With the implementation of national development strategies such as “the Belt and the Road”, “the
Yangtze River Economic Belt and Beijing—Tianjin—Hebei collaborative development”, the “Made
in China 2025” and the “innovation—driven development”, it is necessary to realize the dream
of leading the country by technology and talent, under the premise of the safety and durability of
bridges. Therefore, the bridge high—performance materials industrialization, the bridge information
technology originality, the bridge construction technology industrialization, and improvement of
the intelligent of bridge operation and maintenance technology need to rely on the integration and

optimization of the resources and strengthened common basic innovation.

3.4.2 Reform Mechanisms and Systems, Promote Innovation-driven Development

In the past 40 years, China’s bridge engineering has made great achievements that have attracted
worldwide attention, which is inseparable from Chinese unique system. According to the goals by the
strategy of building a strong transportation nation, it is extremely necessary to deepen the structural
reform, fully stimulate innovation, promote the transformation of achievements, and establish a
bridge engineering development mechanism guaranteeing system with Chinese characteristics.
In addition, it is a major strategic demand for the high—quality development of China’s bridge
engineering and the in—depth promotion of the strategy for building a strong transportation country
in the new era. Therefore, it is necessary to give full play to the guiding role of systems and policies,
improve the mechanism for sustainable and high—quality development of bridges, strengthen
original and leading scientific and technological research on bridges, and promote the engineering

application of new bridge structural systems.

3.4.3 Improve Scientific and Technological Strength, Lead Innovation in Major Projects

During the “13th Five—Year Plan” period, China’s bridge engineering relies on the ever—
increasing comprehensive national strength and independent innovation capabilities. China’s
bridge construction scale has been continuously improved, and creating a number of world’s largest
bridges. The improvement of Chinese bridge construction scale has played a significant role in “the
Belt and the Road” and “Dual Circulation”. During the “14th Five—Year Plan” period, many major
bridge projects under construction will break world records. Therefore, it is necessary to closely
focus on the high—quality and sustainable development of bridge engineering, and use major projects

to surpass and lead international bridge engineering. In accordance with the concept of sharing
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and collaborative development, we need to follow the development principles of “resource sharing,
complementary advantages, joint development, and win—win cooperation” to achieve a win—win

situation for collaborative innovation.

3.4.4 Benchmarking International and Domestic, Accelerate the Building of a

Powerful Nation of Bridge

China has become a country with large population of bridges in terms of the number, construction
scale and technology of bridges. However, the status of the development of China’s bridge
engineering is “big” rather than “strong”. Therefore, it is necessary to further develop and improve
the relevant fields of bridge engineering disciplines, formulate standards for building a bridge power,
and strengthen the international role of Chinese bridges. We must further promote the creation of
more original innovations in bridge technology, and improve the system for training or selection of
outstanding talents. We need to attach importance to the training of international talents based on
English or foreign languages, and increase the international influence of Chinese bridge engineering
disciplines. We must create an international brand of Chinese bridge standards, and realize the

international generalization and leadership of bridge engineering standards.

4 Engineering Thermophysics

Engineering thermophysics is an applied—fundamental discipline that focuses on the basic laws and
technical theories in the transformation, transfer, and utilization of energy and matter. It consists of
several sub—disciplines, such as engineering thermodynamics, aerothermodynamics, combustion,
heat and mass transfer, and multiphase flow, and serves as an important theoretical foundation
in the fields of high—efficiency and low—pollution utilization of energy, aerospace propulsion,
electricity generation, power, and refrigeration, etc. In order to meet the major needs for sustainable
development, especially the strategic needs for the transformation of economic development pattern,
the adjustment of industrial structure, and the construction of low—carbon energy system that

China is facing, Chinese researchers in recent years have been constantly exploring new hot topics
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based on the traditional research directions of engineering thermophysics, making this discipline
play an increasingly important role in the fields of information, materials, space, environment,
manufacturing, life science, agriculture, etc. Therefore, the evolution, crossover, and innovation
of research directions have become a key issue in the development of engineering thermophysics,
leading to an urgent need for new strategies of discipline development to provide a scientific basis for
the development of the emerging energy industries. Centered around the independent and innovative
research of several key topics, including scientific energy utilization, low—carbon utilization of
fossil energy, renewable energy conversion and utilization, energy conversion and utilization in
power equipments, energy storage and smart energy, and engineering thermophysics problems in
advanced technologies, this report serves to propose the disciplinary development strategies and
priority areas with the features of this discipline. It is expected to enhance the scientific, strategic,
and prospective nature of the discipline development plan, and provide a scientific basis for China
to build the renewable energy system and achieve the strategic goals of carbon peaking and carbon
neutralization.

The latest research progress of this discipline in recent years mainly includes the following aspects:
(DThe scientific energy utilization focuses on how to use energy with high efficiency and low
pollution, and it plays a guiding role in engineering thermophysics discipline. Recent research
progress is concentrated on the total energy system method of “temperature correspondence with
cascade utilization”, the integrated cascade utilization principle of chemical and physical energies,
the integration principle for energy conversion and greenhouse gas control, and the integrated multi—
energy complementary system, etc. (2) The low—carbon utilization of fossil energy is a general trend
of the future. Recently, great progress has been made in the researches on ultra—low—emission
coal combustion technology, clean and low—carbon conversion of coal, clean utilization of oil and
gas resources, high—efficiency and low—carbon combustion in power equipments, carbon dioxide
capture, utilization and storage technologies, etc. 3) The energy revolution through conversion and
utilization of renewable energy is emerging worldwide, and significant progress has been made in
solar—thermal power generation technology, atmospheric houndary layer wind characteristics and
wind energy utilization, biomass power generation technology, etc. @ In terms of energy conversion
and utilization in power equipments, China has initiated the “Aero Engine and Gas Turbine”
major science and technology project, and provided major support to the key technology research
and fundamental research of high thrusi—to—weight-ratio turbofan engines, large bypass—ratio
turbofan engines, and turboshafi/turboprop engines. Meanwhile, the steam turbine and the internal
combustion engine technologies are also developing rapidly. (5 At present, energy storage and smart
energy have become hot research topics in the international engineering thermophysics community,

and are also an important direction for China’s energy structure transformation. So far, China has
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developed or planned out technologies such as pumped water energy storage, compressed air energy
storage, flywheel energy storage, heat storage, heat pump electricity storage, and has completed
several smart energy demonstration projects, the applications of which have been demonstrated
in Shanghai, Jiangsu, Sichuan, Inner Mongolia, Ningxia, etc. (@Hydrogen has the highest energy
density among known fuels, and meanwhile, hydrogen energy is both clean and sustainable.
Therefore, hydrogen energy is considered to be the ultimate roadmap towards future energy.
The smooth development of the hydrogen energy industry requires the coordination of hydrogen
production, hydrogen storage, and hydrogen utilization. As the world’s largest hydrogen producer,
China has gradually shifted the research focus from gray hydrogen to green hydrogen in recent years
and is also stepping up efforts of research and development in both hydrogen storage and hydrogen
utilization. (DEngineering thermophysics problems like thermal management and cooling have
become a major challenge in the development of advanced technologies such as chips and batteries.
China has made large progress in chip temperature measurement, investigated micro—nano channel
heat sink methods, and carried out in—depth research in the directions of battery thermal runaway
mechanism, thermal management system, and temperature control optimization, etec.

It is worth noting that China has reached or even exceeded the international advanced level in
multiple fields and aspects, such as clean and high—efficiency coal power generation technologies,
biomass combustion power generation, turbomachinery aerodynamic design based on full three—
dimensional steady flow analysis and optimization methods, pumped water energy storage,
compressed air energy storage, heat storage, smart energy systems, thermochemical hydrogen
production, high—efficiency chip heat dissipation, chip thermal design evaluation, solid—state
battery development and thermal design, etc. However, compared to those developed countries in
Europe and America, China’s fundamental research and industrial technology levels are still lagging
behind to some extent. These include low—carbon coal power generation, carbon dioxide capture,
utilization, and storage, large—scale wind turbines, smart wind farms, offshore wind power system
theory, biomass hybrid—combustion power generation, new technologies of biomass utilization, high—
performance turbo—machinery engineering research and development, flywheel energy storage, heat
pump electricity storage, electrolysis of water for hydrogen production based on proton exchange
membrane, fuel cells based on proton exchange membrane, hydrogen storage technology, and
thermal design tools for electronic devices, etc. Thus, it is necessary to facilitate our development
and narrow down the gaps during the 14th Five—Year Plan period in order to catch up or even take
the lead.

Finally, this report provides suggestions on the development directions and predictions on the needs
of research fields including low—carbon utilization of fossil energy, conversion and utilization of

renewable energy, energy conversion and utilization in power equipments, energy storage and smart
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energy, and engineering thermophysics problems in advanced technologies. By putting forward the
suggestions on the development of this discipline, the report also serves as a reference for funding

agencies and researchers within this discipline and other related disciplines.

5 Landscape Architecture

Landscape Architecture is a comprehensive discipline that studies, plans, designs and manages
natural and human environments by means of science and art. To coordinate the relationship
between man and nature for the purpose of protecting and restoring the natural environment, to
create a healthy and beautiful living environment.

In the past decade, the connotation and extension of landscape architecture continue to develop,
and the research interests and practice types have been enriched, but the focus of enhancing and
improving human and natural ecosystem has not changed, and continues to play a unique and
irreplaceable role in the protection of natural resources and environment as well as the construction
of human living environment. National strategies such as regional coordinated development, new
urbanization, rural revitalization, healthy China, park city and people-oriented ideology have
become the social background for its vigorous development. Chinese landscape architecture has also
played an active role in international cooperation on climate change, the Belt and Road Initiative,
biodiversity and human health.

In 2011, the first-level discipline of Landscape Architecture was formally established, which has
played an important supporting role in the development of the discipline in two aspects: on the one
hand, the research and practice of traditional fields such as landscape architecture history, planning
and design, garden plants, green space ecology, scenic spots, management and engineering need to
be further developed; on the other hand, new areas such as national landscape, regional landscape,
urban natural system, park city, national park, ecological restoration, biodiversity, smart landscape
and public health have made great progress. In the past ten years, landscape architecture has shown
distinct characteristics of interdisciplinary integration while consolidating the core of the discipline

to meet the major strategic needs of the country. From an international perspective, the research
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hotspots at home and abroad are gradually converging in terms of climate change, biodiversity,
landscape and environmental evolution. However Chinese landscape architecture has maintained its
characteristics and advantages in the fields of national landscape, scenic spots and local landscape.
In addition, the construction of academic communities and exchanges and cooperation have been
significantly enhanced. A number of small—scale local cooperation networks have been formed, and
the frequency and quantity of academic exchanges have also been significantly increased.

In the future, Chinese Landscape Architecture will continue to improve the theoretical system of
the discipline, to provide insights into climate change, carbon emissions, environmental pollution,
biological diversity and other common problems faced by the global, to respond to the demand
facing the new era of national spatial development and the ecological civilization construction, to
expand and deepen the planning and design connotation, continue to carry out specialized research
and practice, to conduct research on the design and creation of safe, healthy and friendly public
environments with the goal of improving people’s well-being. At the same time, continue to promote
the development of landscape architecture education, emphasize the construction of talent team, to

provide guarantee for the high—quality development of the discipline.

6 Micro—Nano Robot Science and
Technology

Micro robots based on micro / nano scale effect and those with feature size and / or functional size
less than submillimeter are mainly divided into micro—nano operation robot and micro—nano scale
robot. Micro—nano robots can be divided into two categories: one is the robot body, which is a micro
robot, and its main application targets are human blood vessel or digestive tract interventional health
monitoring, drug particle targeted delivery, disease treatment, etc.; the other type is nano operation
robot, whose actuator operation precision is sub nano ~ nano level, facing information industry and
biomedical industry, and the operation object is nano Rice materials and biological samples are

mainly used in the manufacture of three—dimensional nano devices (IC, NEMS), automatic detection
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of mechanical, physical and chemical characteristics of DNA, chromosome, large protein, cell and
other biological samples based on limited information, drug evaluation of new drug development,
and three—dimensional hiological tissue assembly.

Micro—nano robot is the epitome of micro—nano technology, which is the extension of robot
technology in micro scale. It integrates the frontier research of physics, chemistry, material science,
biology, mechanics, informatics, control science and so on. Micro—nano robots have great scientific
significance and broad application prospects in the information industry IC / NEMS manufacturing
and detection, micro—nano manufacturing, subcellular cell modeling and multi specificity detection,
promoting transgenic, cloning and other cells, ultramicro disease diagnosis, vascular blockage and
dredging, cancer cell clearance, precise drug delivery and other aspects. Micro—nano robot, which
combines the top—down and bottom—up processing methods, is the commanding point of micro—
nano manufacturing and biological detection, and has become the focus of scientific research in
various countries. The research direction of micro—nano robot is the development of new micro—nano
functional devices, multi characteristic detection of biological samples, micro scale space detection,
etc., which provides strong support for the study of life mechanism such as energy, material
transformation, biological information transmission, etc Promote the development of semi—automatic
cloning and other technologies. It provides a theoretical basis for the control and manufacture
of three—dimensional human tissues, the manufacture of human organs, and the exploration and
targeted therapy of human blood vessels and tissues.

In conclusion, micro—nano robot is a research integrating all human science and technology so
far, which lays the foundation and provides technical support for a series of applications, such as
exploring the secret of life, upgrading the manufacturing capacity of electronic industry, developing
new drugs, intervening in human vascular and digestive tract health examination and drug particle
targeted therapy.

The continuous development of microscopy technology has provided a good test platform for the
realization of precision and controllable nano operation, which makes nano operation systems based
on various microscopes come into being. Nano operating system is a system suitable for operating
nano scale objects with nano or sub nano precision. Generally speaking, a complete nano operating
system includes nano scale object imaging equipment, manipulator and end effector, nano or sub
nano resolution driver, force sensing equipment, human—computer interaction equipment and so
on. An ideal nano operating system can realize various operations such as positioning, picking,
placement and assembly of nano scale objects.At present, there are mainly two types of control and
operation strategies for operating objects in nano scale: (DOperation technology based on scanning
probe microscope (SPM). @Technology based on nano manipulation robot and electron microscope

(EM). The operating platforms based on SPM mainly include: scanning tunneling microscope (STM)



B=E EXFRHESESEN (8X)

and the operating system under atomic force microscope (AFM). The operating platforms based on
electron microscope mainly include the operating systems under scanning electron microscope (SEM)

and transmission electron microscope (TEM).

At present, the micro—nano swimming robot not only has a variety of driving modes, but also has its
own uniqueness in its structure, materials and processing methods. The following is the research
status of micro—nano swimming robot at home and abroad. In order to realize the movement of
micro—nano swimming robot in human body, it is necessary to design smaller and more diverse
micro—nano swimming robot. At present, there are three kinds of micro—nano swimming robot:
chemical self driving, physical field driving and biological driving. The driving modes of swimming
micro—nano swimming robot can be divided into the following four modes: (DChemical driving:
oxidation reaction driving, catalytic reaction driving and self electrophoresis driving. @Based on
physical field driving: magnetic field driving, light field driving and ultrasonic driving. @Hybrid
drive: catalysis and magnetic field drive, catalysis and light field drive, biological drive: flagella
drive, enzyme drive and bacteria drive. Chemical self driven micro—nano swimming robots are
mainly divided into oxidation reaction drive, catalytic reaction drive and self electrophoresis drive.
The fuel driven by oxidation reaction is usually more biocompatible, such as water, gastric acid, etc.,
but its short service life restricts its validity period, and the reaction organisms are not biocompatible
and cannot be used in large quantities; catalytic reaction drive and self electrophoresis drive
use metal catalytic fuel to generate driving force to drive micro—nano swimming robot. Hydrogen
peroxide solution with low biocompatibility is usually used, which can not be widely used in vivo.
The micro—nano swimming robot driven by external field can drive and control the micro—nano
swimming robot without fuel. For the micro—nano swimming robot driven by magnetic field, the
external equipment is large, and X-ray and CT need to be used for auxiliary observation. It is
harmful to biology, complex manufacturing and slow speed, which restricts its wider application. The
micro—nano swimming robot driven by ultrasound has high speed, but its motion direction is difficult
to control. Because light cannot penetrate the human body, it cannot be widely used in the human
body. Biological micro—nano swimming robot has good targeting, but its short life restricts its further
development. At the same time, it also has the problems of biological compatibility and biosafety

that can not be ignored.
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7 Rock Mechanics and Engineering

71 Introduction

The world today is marked by changes unseen in a century. The domestic situation and the
international environment facing China’s development have changed significantly. The importance
of science and technology to China is unprecedent. Both the large—scale infrastructure constructions
and deep resource exploitation and other engineering activities are in a rapid development stage. As
an important foundation for the construction of such projects, Rock Mechanics and Engineering is
of great significance to develop the cutting—edge science and technology and to serve the strategy of
the country.

A detailed review of the development and academic achievements from 2017 to 2020 reveals that

the progress of Rock Mechanics and Engineering in China has the following characteristics.

7.1.1 By Seizing the Opportunity and Overcoming the Challenges, China is
Increasingly Becoming a Powerhouse in Rock Mechanics and Engineering

Technology

In recent years, the rock engineering related practice in China is among the largest and fastest in the
world. In particular, in mega projects like South—to—North Water Diversion Project and Baihetan
Hydropower Station, complex rock mechanics problems have been overcome one by one, which
refresh the scope and depth of research into rock mechanics from time to time. A WOS core database
analysis of the international collaborations in rock mechanics and engineering shows that China is
one of the major centers for research corporations in the world. In the short term, China will have the
most deep—mines in the world. Also, “high geo—stress, high temperature, high hydro—pressure, and
dynamic disturbance” will become the typical engineering environment for resource exploitation.

In the meanwhile, a large number of mega projects will be launched very soon, such as Sichuan—
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Tibet Railway (also known as “the most difficult railway to build”), Central Yunnan Water Diversion
project (the largest trans—basin water diversion project under construction), Beishan Underground
Laboratory (that built in response to overcome the world—wide problems of geological disposal
of high-level radioactive waste). The “Chinese theories and Chinese methods” developed by the
Chinese rock mechanics and engineering community will safeguard the successful construction of

these major projects.

7.1.2 Through Emphasizing both Practice and Research and Aiming Research
towards Practice, Significant Scientific and Technological Achievements

have Emerged and have been Converted into Productivity

In view of the complexity and particularity of rock engineering, Chinese professionals in the field
of rock mechanics and engineering are committed to contributing to building the infrastructures for
economic development. Centered around the needs of engineering practice, significant scientific
and technological achievements have been achieved, many of which have been transformed into
productivity to promote the high—quality development of rock engineering related industries.
Through collaborative work and innovation, scientists and engineers have solved many bottleneck
problems related to the construction and geological disaster prevention in rock engineering, and
transformed scientific and technological achievements into productivity, which effectively promoted
the rapid development of rock mechanics and engineering. These critical bottleneck problems
include, for instance, the safe and efficient mining in underground coal mines, the ultra—deep
detection of mine disaster sources, the electromagnetic detection of deep resources, the construction
of kilometer—deep mine wells, the stability control of giant underground powerhouse chambers, the
adaptive excavation and overall reinforcement of ultra—high arch dam foundations, the distributed
optical fiber sensor monitoring, the monitoring and early warning and management of major
engineering landslide, the TBM tunnelling in composite strata and deep tunnels, disaster prediction
and early warning and control of deep and long tunnel water burst and mud inrush, the control of
deep rock burst and soft rock large deformation, the geological disposal of high—level radioactive

waste, the unconventional oil and gas exploration, drilling and fracturing technology, etc.

7.1.3 With Progress both in Quantity and Quality in Terms of Outstanding
Achievements, the Contribution from China to the Rock Mechanics and
Engineering in the International Community is Becoming Increasingly More

Prominent

As shown in Figure 3—7-1, the number of articles published by Chinese scholars indexed by WOS

database and the citation rate have been steadily increasing. During 2017 —2020, there were
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30,365 articles from Chinese scholars indexed by WOS core database in the field of rock mechanics.
The proportion of contributions from Chinese scholars has increased from 38.4% in 2017 to
53.6% in 2020. A survey of papers published in the top 6 international rock mechanics journals,
Chinese scholars accounted for 56.4% of the articles. In particular, the proportions of contributions
from Chinese scholars in International Journal of Rock Mechanics and Mining Sciences, Rock
Mechanics and Rock Engineering, Engineering Geology, and Tunnelling and Underground Space
Technology are 51.7%, 58.7%, 57.6%, and 64.6%, respectively. The quantity and the quality of
these publications indicate that the research capability of rock mechanics and engineering in China

is rising steadily.
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Figure 3-7-1 Statistics of Chinese scholars’ publications and citations indexed by WOS database from 2005 to 2020

7.1.4 With the Rapid Growth in the Number of Outstanding Scientists, the
Impact of Chinese Scholars in the International Rock Mechanics and Rock

Engineering Community Continues to Increase

With the continuous improvement of the science and technology of rock mechanics and engineering
in China, more and more Chinese scholars have received the recognition from the international
academic community. In 2018, the Chinese Academy of Engineering (CAE) academician He
Manchao was elected as a foreign fellow of the National Academy of Engineering of Argentina. CAE
academician Feng Xiating was elected as the chairman of the International Federation of Geological
Engineering in 2018 after becoming the first Chinese scientist who served as the chairman of the
International Society for Rock Mechanics in 2009. CAE academician Zhao Yangsheng won the
Science and Technology Progress Award of the International Association for Geological Hazard and
Disaster Reduction in 2019. At the same year, Professor Yin Yueping was honored the Outstanding
Engineering Award jointly by the International Association for Geological Hazard and Disaster

Reduction and the Chinese Society of Rock Mechanics and Engineering. In 2020, Professor
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Wu Faquan won the Lifetime Achievement Award from the International Society of Engineering
Geology and Environment. Among the young scholars, Professor Zhuang Xiaoying won the “Heinz—
Meyer—Leibniz Young Scientist” award issued by the German Federal Ministry of Education and
Research and the German Science Foundation in 2018. Professor Zuo Jianping won the Scientific
Achievement Award from the International Society for Rock Mechanics in 2020. Dr. Qinghua Lei
and Dr. Junlong Shang won ROCHA Medal from the International Society for Rock Mechanics in
2019 and 2020, respectively.

In order to fully understand the development of rock mechanics and engineering in recent years, and
to accurately analyze the progress of research in China, Figure 3—7-2 shows the high frequency key
words of the papers related to rock mechanics indexed by WOS core database from 2005 to 2020.
As can be seen from this figure, the research hotspots from 2017 to 2020 mainly focus on numerical
simulation, rock burst, mechanical properties, and acoustic emission, among which numerical
simulation, strength, model, instability, deformation are high frequent key words. In the following,
a systematic review of the research progress in the discipline of Rock Mechanics and Engineering
in China between 2017—2020 will be presented. The review will focuses on the following six
aspects, i.e., the basic theories of rock mechanics, technologies of rock engineering, instruments and
equipment in rock mechanics, rock mechanics software, the application of rock mechanics in major
engineering projects, standardization and society journals in Rock Mechanics And Engineering.
In the review, future trends of the scientific development are also envisaged to help guide the

development of Rock Mechanics and Engineering in China.

ropagation

prop. g.
deformation
® ' fracture

hydraulic fracturing Q(g W mechanical property

rockburst, failure ® @ d
. @ I eva]qtmn °
szgnul?flgia ®" sandstone
o @ ‘e ’

.
stress "pern;eabi]ity
‘e®. @4 l-. ®
performance " g ® ihtchanism
@R _e"Coal
stability - % o ®
B ® . shale
C'e®

tunnel”

numerical — ggimulation *
g &, *® strength ® o
& .9 / acoustic emission
* damage .* *L W, ® s ~
.o 8C - e ®. béhawior dow
o . e » " prediction
® ® ® 6 ® pressure |

“o ,'modc/

Figure 3-7-2  High—frequency keywords of academic research in international rock mechanics and engineering from 2017 to 2020
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7.2 The Latest Research Progresses of this Subject in
Recent Years

7.2.1 Advances in Elementary Theory of Rock Mechanics

Wu Shunchuan et al. proposed a generalized nonlinear strength criterion suitable for different
frictional materials in combination with the partial plane function, which unified the mainstream
classical strength criterion. They further revised the classic Hoek—Brown rock strength criterion
using the new partial plane function and proposed a modified three—dimensional Hoek—Brown rock
strength criterion. Based on the fracture mechanism of coal, Zuo Jianping proposed an invariant that
represents the failure characteristics of coal, and theoretically deduced a strength equation that is in
line with the Hoek—Brown empirical strength criterion. The research results won him the Scientific
Achievement Award from the International Society for Rock Mechanics. Feng Xiating et al. proposed
a three—dimensional hard rock failure strength criterion (3DHRC) based on the heterogeneity of
tension and compression, Lode effect and nonlinear strength characteristics of deep—buried hard
rock under true triaxial conditions. Through the energy balance during the crack propagation
process, Xie Heping obtained the coefficients of the compliance matrix that considers the strain rate
parameter and established the dynamic constitutive model of rock in different stress environments at
varied depths. More outstanding research progress has been made hy Chinese scholars, for instance,
Chen Mian and Tao Zhigang et al. on rock anisotropy and time and size effects, Li Jianchun and
Li Haibo et al. on the dynamic characteristics of rock, Lu Yiyu and Li Shugang et al. on the multi—
field coupling characteristics of rock, Huang Runqiu and Zhou Xiaoping et al. on rock fracture and
damage mechanics, Zhao Jinzhou, Jin Yan, etc. in the rock mass crack model and structural surface

mechanical properties, etc.

7.2.2 Advances in Techniques of Rock Engineering

Techniques in rock slope and geological disaster prevention and control engineering. He
Manchao et al. developed a remote monitoring and early warning system for Newtonian force in
landslide geological disasters using the procedures of “data acquisition—transmission—storage—
send-reception—analysis—processing—feedback”; they also invented a Negative Poisson’s Ratio
(NPR) anchor cable with high constant resistance, large deformation and super energy absorption
characteristics. The patent “Constant resistance—large deformation anchor cable and constant
resistance device” won the 21st China Patent Gold Award, which was then promoted and applied
nationwide, successfully solving the scientific problem of short—term landslide prediction. Xu Qiang

et al. focused on key technical difficulties in the prevention and control of large—scale landslide
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disasters in western mountainous areas, and used interdisciplinary integration to establish an
early identification system for landslide hidden hazards organically combined with “geology +
technology”. This significantly improved the comprehensive identification ability and accuracy of
major geological disasters. They developed a monitoring equipment suitable for geological disaster
in high—altitude and high—cold extreme environments, established a real-time monitoring and early
warning technology featuring “threshold warning” and “process warning”. This technology has
successfully identified and warned of many large—scale landslide disasters. Wu Shunchuan et al.
proposed a limit equilibrium slice method based on the non—uniform distribution of the normal force
on the slice surface and established a “double safety factor method” for slope stability evaluation.
In addition, many scholars such as Huang Runqiu, Yin Yueping, Tang Huiming, Sheng Qian,
Zhang Yufang et al. have made significant progress in slope stability evaluation, landslide formation
mechanism and prediction and warning, prevention and control of landslide and engineering slope
disaster.

Techniques in underground rock engineering. Zhao Yangsheng et al. established the theory of solid—
gas coupling coalbed methane migration through the study of the porosity of pressure relief fracture
in low—permeability coal seams and the conditions and laws of enhancing permeability. They
proved the principle of pressure relief fracture and enhanced permeability technology, and invented
a complete set of technology and equipment for enhanced gas drainage with ulira—high pressure
hydraulic slotting in deep holes, which greatly improves the gas drainage rate of low—permeability
coal seams. Kang Hongpu et al. have carried out research on key technologies for impact—resistant
pre—stressed support of coal mine roadways, where they invented high—impact toughness, ultra—
high strength, low—cost pre-siressed bolt material and its manufacturing process and high pre—
stress application equipment, and developed a new type of drill-anchor—grouting integrated bolts,
anchoring and grouting materials and supporting construction equipment. These technologies have
solved the difficult problems of rockburst, high stress in depth, and strong mining roadway support,
which achieved a breakthrough in coal mine roadway support technology. Li Shucai et al. have made
outstanding contributions in disaster structure caused by water and mud inrush and their geological
identification methods, advanced forecasting methods and quantitative identification theory of
disaster source, multi—information characteristics and comprehensive prediction theory, dynamic
risk assessment and early warning theory of disasters, etc. These methods and technologies have
been successfully applied to the advanced forecasting and disaster prevention and control of water
and mud inrush disaster sources in dozens of deep and long tunnels in China. Changjiang River
Scientific Research Institute has developed an elastic wave advanced geological prediction system
for hydraulic tunnels to obtain information on adverse geological hazards ahead of the excavation

work and realized the long—distance advanced geological prediction during the construction period
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of underground tunnels. Based on the Xinjiang ABH diversion tunnel and other TBM projects, Liu
Quansheng, et al. through the study of the interaction mechanism between the surrounding rock
of the deep composite strata and the TBM, proposed a step—by—step joint control theory for the
compression and deformation jamming disasters in the deep soft strata and developed a complete
set of technology for disaster control using “advanced pipe shed and pre—grouting reinforcement”
+ “anchor—grouting integrated step—by—step support” + “steel arch lining support”. Feng Xiating
et al. put forward the cracking—suppression design method concept and its basic principles,
key technologies and implementation procedures for optimizing the stability of large—scale hard
rock underground chambers under high geo—stress. These methods and technologies have been
successfully applied in major engineering practices such as the optimization of the excavation
sequence of the underground tunnel group of the Laxiwa Hydropower Station, the optimization of
the arch support scheme of the underground powerhouse of the Baihetan Hydropower Station, and
the validation of the surrounding rock support parameters of the Jinping Deepland Laboratory in
China. Lin Peng et al. developed a complete set of technologies such as zoned and layered fine
excavation and active protection, complex dam foundation solidification and anchoring timing
and cracking risk control, high anti—seepage standards and fast deep hole curtain grouting, and
fine control of information construction based on BIM technology. A complete set of construction
methods for adaptable excavation and overall reinforcement of the ultra—high arch dam foundation
were proposed, which played an important role in ensuring the safety of the dam. In addition,
Yang Renshu, He Chuan, He Xueqiu, He Fulian and others have made significant progress in
the prevention and control of underground engineering disasters. Chen Mian, Jin Yan, Yao Jun,
Ge Hongkui, Chang Xu, etc. have made significant contributions in the theoretical research and

technological development of shale gas mining.

7.2.3 Advances in Instrument and Equipment

The formation and development of rock mechanics theory is closely related with test technology.
Rock failure criteria and yield conditions can be obtained from experiments, and the relationship
between stress, strain, temperature, and time can then be characterized. The whole process of
understanding, using and reforming rock masses depends on the progress and development of the
test technology of rock mechanics. In recent years, great progress has been made in China.

In laboratory experimentation and test instrument: Feng Xiating et al. developed a new type of true
triaxial test machine for hard rock based on the principle of true triaxial test of Mogi’s rock. This
instrument has improved key testing techniques including measurement of rock volume deformation,
effect of end friction, effect of stress blank angle, and post—peak behavior under true triaxial

conditions. Yuan Liang et al. have developed large—scale physical simulation test equipment,
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which realized the test simulation of coal and gas outburst induced by roadway excavation under
the condition of large—scale loading and inflation pressure, the key physical information during
the whole process of gas outburst was mastered, laying a foundation for accurately revealing the
mechanism of gas outburst. Li Xiao et al. invented a high—energy accelerator CT rock mechanics test
system, which can obtain the full stress—strain curve of the rock under uniaxial, triaxial, and void
pressure conditions and the three—dimensional scanning image of the rupture corresponding to the
selected stress point. Su Guoshao et al. invented a high—voltage servo dynamic three—axis rockburst
testing machine, studied the dynamic characteristics and the disturbance and fracture mechanism of
deep hard rock, which realized the physical simulation of dynamic triggered rockburst, and revealed
the process and mechanism of rockburst triggered by dynamic disturbance. Xia Caichu et al.
developed a complete shear—seepage coupling test system of rock joints. Wu Aiqing et al. developed
the HMTS-1200 type fractured rock mass hydraulic coupling true triaxial test system and the
HMSS-300 type rock mass hydraulic coupling direct shear test system. Du Shigui et al. developed
a series instruments of structural surface roughness coefficient measurement, created a field rapid
measurement technology for structural surface roughness coefficient, and developed a test system of
size effect of the rock—mass structural surface shear strength , which provides the fundamental test
platform for the study of size effect of the structural surface shear strength.

In field test, monitoring and geophysical prospecting equipment: He Jishan et al. invented the wide—
area electromagnetic method and high—precision electromagnetic exploration technology equipment
and engineering systems, established an electromagnetic exploration theory centered on surface
waves, and constructed a holographic electromagnetic exploration technology system. Li Shucai
et al. used physical simulation tests to carry out quantitative simulations of coal and gas outbursts
under various combined conditions, and developed a quantitative physical simulation test system
for large—scale true three—dimensional coal and gas outbursts that can consider different geological
conditions, in—situ stress, coal and rock mass strength, gas pressure and construction process. Shi
Bin et al. have successfully applied distributed optical fiber sensing technology to safety monitoring,
prediction and early warning of geological and geotechnical engineering, which showed unique
advantages in the monitoring of geological disasters such as landslides in the Three Gorges reservoir
area, large—scale ground subsidence and other geological disasters as well as shield tunnels, buried
pipelines, pile foundations and foundation pits. They have also established a comprehensive testing
platform for sensing optical fiber performance, a basic performance calibration device for sensing
optical cables, and a three—dimensional simulation experiment platform for optical fiber strain.
The Polar Research Center of Jilin University designed a movable and modular drilling system
for the Antarctic Gambortsev Mountains featuring ultra—low temperature climate, remote location,

and difficult logistics support. During China’s 35th Antarctic Scientific Expedition (2018 —2019
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Antarctic working season), this drilling system successfully drilled on the ice sheet on the edge of
the Dalk Glacier, about 12km away from Zhongshan Station in China’s Antarctica.

In major rock engineering equipment: Liu Feixiang et al. have developed a three—dimensional
autonomous measurement positioning system for intelligent and precise operations of equipment,
and developed an intelligent complete set of equipment with the core of man—machine—rock
space—time information interconnection technology. China Railway Construction Heavy Industry
independently developed the first large—diameter earth pressure/TBM dual-mode shield machine,
which was applied to the Guangzhou—Foshan Ring Road Project of the Pearl River Delta Intercity
Railway. China Railway Equipment independently developed the domestic largest diameter earth
pressure/slurry dual-mode shield in China, which was applied to the Chengdu Zirui Tunnel Project.
Guangzhou Metro Group Co., Lid., China Railway Engineering Equipment Group Co., Lid., China
Railway China Tunnel United Heavy Equipment Co., Ltd. and other units have jointly developed a
shield machine with three tunneling modes: earth pressure balance, mud water balance and TBM,
which breaks the limitations of a single—-mode shield machine and improves its adaptability to
changing geological conditions and complex surrounding environments. It has been successfully
applied to the west extension project of Guangzhou Metro Line 7. Ji Hongguang et al. put forward
a research and development system for deep well intelligent tunneling equipment and intelligent
control system, which solves the scientific and technical problems that urgently needed to be
overcomed of design and manufacture of the upper slagging shaft tunneling machine from three
aspects: efficient rock breaking and slag discharge, equipment configuration and space optimization,
and precise intelligent drilling control. This has formed the key technology and equipment
capabilities of high—efficiency excavation of deep shafts in metal mines with a depth of 1500m to
2000m and large—tonnage high—speed hoisting and control. The corresponding technical standards
and specifications have been formulated. The first domestic shaft boring machine “Jinshajiang
No. 17 developed by Liu Zhiqiang et al. was successfully launched in the shaft project of Yilihe
Hydropower Station in Yunnan, which realizes mechanization, intelligence, and unmanned tunneling
in the well and indicates that China has the capability of independent research and development and

manufacturing of the shaft tunnel boring machines.

7.2.4 Advances in Rock Mechanics Software

In recent years, international rock mechanics software research hotspots have been constantly
changing. The hot spot software for numerical simulation from 2017 to 2020 is the discrete element
simulation software, and the simulation of crack propagation mechanism has become a hot topic
in numerical analysis. The numerical simulation software of rock mechanics in China is also in

the rapid development stage, especially the discontinuous, continuous—discontinuous analysis
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software for the failure mechanism and failure simulation of rock mass structures, including rock
failure process analysis system RFPA, Deep soft rock engineering large deformation mechanical
analysis software LDEAS, engineering rock mass failure process cellular automata analysis
software CASrock, etc. The monopoly of foreign software has been gradually broken. At the same
time, engineering design and decision—making software represented by the first open source data
integration management and control iS3 system provided internationally has also been highly valued

by domestic and international scholars.

7.2.5 Application of Rock Mechanics in Major Projects

In recent years, China’s rock engineering construction is among the fastest and largest in the
world. Facing the rare opportunity of engineering construction and the imminent practical needs of
engineering, rock mechanics and engineering science and technology researchers and engineers
seize the opportunity and take the initiative. Fruitful research results have been achieved in the
construction of Baihetan Hydropower Station, slope disaster prediction, forecast and early warning,
high gas mine 110 construction method and NOO construction method application, mine ultra—deep
shaft construction, deep rockburst disaster control and high-level waste geological disposal and
other major engineering construction. Great contributions have been made to the safe construction of

major projects and the safety of people’s lives and properties.

7.2.6 Advances in Rock Mechanics and Engineering Standardisation and the

Development of First-class Journals

In recent years, great progress has been made in rock mechanics and engineering standardization,
especially in the establishment of group standards. In May 2017, the Chinese Society of Rock
Mechanics and Engineering launched substantive work on standardization in an all-round way. Till
September 2021, the society has approved 69 project group standards, and officially released 18
group standards. In terms of journals, the impact factor and international influence of the journals of
Chinese Journal of Rock Mechanics and Engineering and Geotechnical Engineering have been
continuously improved, and they are moving towards the goal of building world—class journals.

In summary, the Rock Mechanics and Engineering disciplines have made important progress in
basic theories, engineering technology, instruments and equipment, numerical simulation software,
major project construction and standardization work in recent years. A large number of fruitful
achievements have been obtained, which are effectively supported the construction of a series of
major national infrastructure projects and promoted the high—quality and rapid development of the

national economy.
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7.3 Comparison of Research Progress at Home and
Abroad

Due to the influence of economic development level and scientific and technological input, the
process of rock mechanics and engineering research in China started a little later. However,
benefitting from the objective demand and promotion of large—scale and numerous infrastructure
construction, deep resource development and geological disaster prevention and other engineering
activities in China, the study of rock mechanics and engineering in China has reached a new

historical level in recent years, compared with developed countries.

7.3.1 Basic Theoretical Research of Rock Mechanics

Chinese scholars have conducted comprehensive and in—depth studies on rock strength criteria,
constitutive model, timeliness, dynamic characteristics and other issues, they have made many
innovative contributions especially in the modification and improvement of Hoke—Brown, Mohr—
Coulomb and other mainstream strength criteria, the establishment of rock dynamic constitutive
model, rock fracture model and structural plane mechanical properties. The research on the multi—
field coupling characteristics of rocks in China is basically synchronous with that in other countries,

and even some aspects are carried out earlier than those in other countries.

7.3.2 Rock Engineering Technology and Application

Based on their own national conditions, developed countries such as Europe and the United States
have continuously increased scientific and technological input in resource exploitation, disaster
prevention and reduction and other fields. While increasing investments in frontier basic research,
they also focus on strengthening the application of research results in the research and development
of key technologies. China gives full play to the advantage of being a “late comer”, and has
achieved international leading research results in the construction of large hydropower stations, the
development and application of new coal mining technologies, and the design of geological disposal

repositories for high—level radioactive waste.

7.3.3 Rock Mechanics Instruments and Equipment

Great progresses have been made in the development of instruments and equipment such as the room
temperature true triaxial testing machine, multi-field coupling rock mechanics facilities, CT rock
mechanics test system, in situ test systems, similarity model test system, monitoring and geophysical
prospecting equipment, etc. Compared with that in developed countries, these instruments have

their own characteristics, leading the related research on the combination of macro and micro rock
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mechanics. However, there is still a gap in the standardization and marketization of most domestic
instruments and equipment; in terms of major rock engineering equipment, such as TBM, shaft
boring machine, etc., China has basically mastered the core technologies, and has achieved the

capabilities of researching and manufacturing, and even be in the lead of the world in some aspects.

7.3.4 Rock Mechanics Software Development

Driven by major engineering needs and the development of innovative scientific research, the
development of rock mechanics software in China has made rapid progress, and some software
even incorporates original theories. However, the mainstream numerical calculation methods, such
as finite element method, boundary element method, discrete element method, interface element
method, etc., are all proposed by foreign scholars. The basic theoretical research of numerical
calculation method is still insufficient in China. Compared with the mainstream software abroad,
domestic software often combines the latest research theories and analysis methods, with distinct
characteristics, but there is still a big gap in commercialization, which requires further investment

and improvement of the operating mode of software development.

7.3.5 Rock Mechanics and Engineering Standards and First-class Journal Construction

Due to historical and cultural reasons, foreign engineering construction generally adopts European
and American standards, and rock engineering is no exception. At the same time, the international
top rock mechanics journals are still dominated by European and American journals. Therefore, it
is necessary to invest more in the international promotion of standard codes in rock mechanics and

engineering and the construction of first—class journals in China.

7.4 Development Trend and Prospect of this Subject

With the rapid development of Rock Mechanics and Engineering disciplines, the intersection with
engineering geology, informatics, and environmental science is becoming more and more important. It
is more difficult to adapt to the increasing scale of the project and the complexity of the environment
based on experience alone. A new scientific paradigm is needed to deal with new challenges. The
development of disciplines will show the following trends: the research content will transform from the
traditional static average and local phenomenon to the new dynamic structure and system behavior
paradigm; research methods will shift from traditional qualitative analysis, single discipline, data
processing and simulation calculations to new types of quantitative prediction, interdisciplinary,

artificial intelligence and virtual simulation paradigms; the scope of research will shift from traditional
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knowledge blocks, traditional theories, pursuit of details and levels of discipline to a new type of

knowledge system, complex science, scale correlation and exploration of commonality paradigms.

8 Traditional Chinese Medicine
Epidemics

8.1 Introduction

Traditional Chinese medicine (TCM) epidemics is a discipline that studies the occurrence and
development laws of epidemic diseases and their prevention, diagnosis, treatment and rehabilitation.
Epidemic diseases in TCM are exogenous diseases with high infectivity and epidemicity, which
are equivalent to infectious diseases in Western medicine. TCM epidemics focus on the integration
of basic theories and clinical practice, and the cross fusion of TCM and multiple disciplines with
the guidance of TCM theory. Its content involves scientific research, talent training, team building
and platform construction. Among them, scientific research covers the whole process of infectious
disease early warning, prevention, diagnosis, treatment and rehabilitation. The scope of the
discipline involves medicine, society, environment, industry, public health services, etc. In the long
history of fighting against infectious diseases, TCM has played an important role, accumulated rich

prevention and treatment experience, and formed a unique theoretical and clinical system.

8.2 The Latest Research Progress in this Discipline in
Recent Years

The hot spot analysis of TCM epidemics includes the following aspects: (DIn terms of diseases,

the research on TCM prevention and treatment of COVID-19, chronic hepatitis B and influenza
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is common. @In terms of research methods, basic pharmacological experimental research,
bioinformatic research, clinical research and evidence—based evaluation are common research
methods. @In terms of research content, more attention has been paid to the prediction of infectious
diseases guided by the theory of five—yun and six—qi, and more international attention has been
paid to the in—depth research on artemisinin—type drugs. During the prevention and control of
COVID-19, famous TCM experts all over the country made an important contribution to the fight
against COVID-19 according to their rich experience in diagnosis and treatment, achieved fruitful
results, and promoted the development of TCM epidemic prevention and treatment theory. The
latest clinical research on the TCM prevention and treatment of COVID-19 has demonstrated that
the combination of TCM and conventional Western medicine therapy has the following advantages
compared with conventional Western medicine therapy alone: reducing the aggravation rate of
COVID-19, improving the disappearance rate of cough and fatigue, shortening the duration of fever,

cough and fatigue, and enhancing the improvement rate of pulmonary CT imaging features.

8.3 Comparison of the Discipline at Home and Abroad

TCM epidemics involve many disciplines, such as modern loimology, loimology, epidemiology,
immunology, preventive medicine, etc. Although TCM therapies in disease prevention and vaccine
immunization are two different means of preventing and treating diseases in Western medicine, their
mode of action and mechanism are similar. It is not the direct killing of pathogens by introduced
exogenous drugs, but the activation of their own defense function to resist the invasion of pathogenic
foreign bodies. In the future research, the exploratory research on TCM therapy in increasing the
efficiency or reducing the side effects of vaccines, and further exploration of the biological effect and
mechanism of TCM in the fields of TCM intervention in multidrug—resistant bacteria and TCM anti—

virus can be carried out.

8.4 Development Trend and Prospect of the Discipline

At present, there is still a lack of integration between the discipline development of TCM epidemics
and modern science, a discipline system adapted to the new era has not been formed, special
epidemic prevention and control institutions of integrated traditional Chinese and Western
medicine are lacking, the construction of relevant specialties in existing medical institutions is also

insufficient, and high—level scientific research platform and scientific research achievements of TCM
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epidemics are rare. The talent team of TCM epidemics is small, the overall strength is weak, there is
no undergraduate and graduate training system for TCM epidemics, and the financial investment in
the prevention and treatment of infectious diseases with integrated traditional Chinese and Western
medicine is seriously insufficient, which also challenges the development of TCM epidemics.

TCM epidemics is a new cross—discipline. To build this discipline, we should take “integrity and
innovation” as the guiding ideology, take typhoid fever, febrile disease and other classical TCM
disciplines as the basis, and integrate loimology, public health and preventive medicine, life science,
astronomy, meteorology, environmental science, computer science and big data. The discipline
carries out scientific research, talent training and clinical application around the prevention,
early warning, diagnosis, treatment and rehabilitation as well as the etiology, pathogenesis and
transmission of infectious diseases, cultivates a team of epidemic talents with integrated traditional
Chinese and Western medicine who can quickly and effectively deal with public health emergencies,
and develops safe and effective drugs and equipment for infectious diseases, so as to provide support
for enriching and improving China’s public health system.

It is suggested to construct and develop TCM epidemics from the following five aspects. Firstly,
guided by the core theory of TCM, an epidemic prevention and control system with Chinese
characteristics should be built. Secondly, traditional Chinese and Western medicine should be
coordinated to quickly form a prevention and treatment plan for new and sudden infectious diseases.
Thirdly, interdisciplinary research should be tackled to reveal the key scientific connotation of TCM
in the treatment of infectious diseases. Fourthly, an integrated platform should be constructed to
enhance the collaborative research capacity of epidemic prevention and control. Fifthly, a talent
echelon should be established and an inter—disciplinary talent team in the TCM prevention and

treatment of infectious diseases should be cultivated.

9 Biochemistry and Molecular Biology

Biochemistry and molecular biology is a branch of life sciences that explores the nature of life at

the molecular level, focusing on the study of the properties, structural characteristics, regulation
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and interrelationships of important biological macromolecules such as nucleic acids and proteins.
Biochemistry and molecular biology are two of the most dynamic and fast—growing fields in life
sciences. They are highly interdisciplinary, penetrating into all other areas of biology and having
cross—talks with disciplines such as physics, chemistry and mathematics. The development of
biochemistry and molecular biology not only provides people with the chance to understand the
phenomena and mysteries of life, but also creates broad prospects for humans to utilize biological
resources and improve the quality of life, promoting the development of modern medicine,
agriculture and industries.

In recent years, the disciplines of biochemistry and molecular biology and related fields have
been developing rapidly, with new achievements and new technologies emerging. Meanwhile, the
application of new methods and technologies has made a step closer to the realization of ultimate
goals such as “revealing the mysteries of the biological world at the molecular level” and “actively
transforming and reorganizing the natural world”. However, biological macromolecules such as
proteins and nucleic acids have complex three—dimensional structures to form precise interaction
networks in governing organismal growth and development, metabolic regulation and species
diversity. It is hence necessary to truly clarify the importance of these complex systems. While
considerable progress has been achieved to reveal the relationship of structure and function, many
challenges remain.

China places great importance on the infrastructures and platform facilities of biochemistry and
molecular biology disciplines and related fields. The National Key Research and Development Plan
and the Major Research Plan of the National Foundation of China are among the efforts. With the
support of these research plans, China has accomplished a series of important achievements in the
fields of biochemistry and molecular biology. For example, the analysis of 30-nm fiber chromatin
structure has taken an important step in understanding how chromatin is assembled; the complete
PIC including TFIID and the revelation of the structure of the PIC-Mediator complex have provided
a more comprehensive answer to the transcription initiation process; the establishment of a new
method to construct artificial lipid droplets provides new ideas and technologies for the research of
nano—medicine carriers, etc.

This Comprehensive Report analyzes and summarizes research hotspots and frontiers of biochemistry
and molecular biology, focusing on the new developments in epigenetics and gene expression
regulation, ribonucleic acids, protein science, glycoconjugates, lipids and lipoproteins, systems
biology in the past five years. The Report also contains domestic and foreign planning layout,
platform facilities, research progress and development trend, as well as the development status and
development trend of the biotechnology industry, thereby providing the readers with a glance at the

status of our national research in biochemistry and molecular biology.
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10 Biomedical Engineering

10.1 Introduction

Biomedical engineering integrates mathematics, physics, chemisiry, materials, information and
computer technology in the fields of biology and medicine, using engineering principles and methods
to obtain new knowledge and methods for the progress of life science and medical science. As an
open, interdisciplinary and integrated field, biomedical engineering runs through human exploration
of life science, maintenance of health, diagnosis and treatment of diseases, and even replication of
organs and life. The research fields of biomedical engineering mainly include biomaterials, neural
engineering, tissue engineering and regenerative medicine, medical information technology, medical

imaging technology, biomedical sensors, biomechanics and other branches.

10.2 Recent Advances in Biomedical Engineering

In recent years, the medical application of artificial intelligence (AI) has increased sharply,
mainly applied in medical imaging, drug research and development, disease prediction and health
management. In the field of medical imaging, deep learning technology has been integrated into
the whole process of clinical diagnosis and treatment from scanning, imaging, screening, diagnosis,
treatment and follow—up. Al improves learning ability and provides large—scale decision support
system, which is changing the future of health care.

Stem cell therapy provides a great application prospect for tissue regeneration, repair and
reconstruction of functional organs. In recent years, a series of progress has been made in stem cell
fate regulation, organ formation, damage repair, aging, gene editing, human stem cell disease model

and so on.
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In 2021, “China Brain Plan” project was officially launched, focusing on five aspects: analysis of
brain cognitive principles, pathogenesis and intervention technology of major brain diseases related
to cognitive impairment, brain—inspired computing and brain machine intelligence technology
and application, brain intelligence development of children and adolescents, and construction of
technology platform. Chinese scientists have made significant progress in the mapping of whole brain
mesoscopic neural connection map, single cell sequencing, brain cell census, fluorescent protein/
virus labeling of specific types of neurons, and the regulation of neuronal activity by photogenetic
technology.

The focus in the field of medical information has shifted from the construction of hospital information
system in the past to the medical application of new technologies such as Internet, cloud computing,
big data, Internet of things, mobile communication and artificial intelligence.

At present, the frontier development of medical imaging presents the following typical
characteristics, including: from 2D surface imaging to 3D volume imaging, from static imaging to
dynamic imaging, from simple structure imaging to complex function imaging and so on.

In terms of the development of brain computer interface (BCI), the systems based on vision and
motor intention respectively are important aspects of optimal selection of natural human—computer
interaction and motor rehabilitation. As for new type of BCI, emotional BCI focusing on emotional
interaction is becoming more and more popular. Multi—-mode fusion and brain network research are
the key to its development.

Nerve regulation techniques mainly include deep brain electrical stimulation, transcranial
stimulation, optogenetic regulation and ultrasonic regulation. Deep brain stimulation has been
proved to be suitable for many diseases such as idiopathic tremor and Parkinson’s disease; the
investigation of transcranial stimulation in regulating brain function, concerning the regulation of
neuronal excitability, visual memory processing, depression, anxiety, are explored.

The main advances in surgical robot include path autonomous planning, state perception and safety
monitoring based on multi—-mode information for operation area. While in rehabilitation robot, there
are bionic flexible exoskeleton technology and wearable intelligent sensors. Micro scale mechanism
of micro robot, bionic material and micro—nano actuator, combined with 3D / 4D printing.
Multi—level and multi system coupling has increasingly become an important feature of rehabilitation
engineering. Virtual reality, artificial intelligence, advanced sensing, BCI, wearable technology,
robot and other cutting—edge technologies have been continuously integrated into the research of
rehabilitation engineering, and the field has been extended to the rehabilitation of motor dysfunction,
cognitive impairment and mental disorder and the evaluation of treatment effect.

Nano detection aims to achieve high sensitivity and high specificity in detecting bioactive

substances; nano therapy uses the structural and functional properties of nano materials to develop
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nano drug/gene targeted drug delivery system and realize intelligent controlled release; nano
regenerative medicine uses nano materials and technology to imitate the microstructure of human or
animal tissues or organs.

The research hotspots of tissue engineering focus on stem cells, biomaterials (including composition
and construction methods), bioprinting and so on. Stem cell therapy is still in the stage of clinical
trial. Tissue engineering technology is used to provide a sufficient number of exogenous stem cells to
maintain biological activity.

From a global perspective, traditional Chinese medicine (TCM) diagnosis and treatment equipment
has attracted more and more international attention, and has become a research and development
hotspot in some western countries. At the same time, the key technologies of tongue diagnosis, pulse

diagnosis and other health information collection are studied domestic.

10.3 Comparison of Progress in Biomedical Engineering
at home and Abroad

From 2016 to June 2021, more than 340,000 SCI papers were published worldwide in the field of
biomedical engineering. China has the fastest growth in the number of SCI papers every year. Since
2019, the number of SCI papers has surpassed that of the United States and become the first in
the world. Cluster analysis is carried out by using the high cited papers of ESI top 1% in the same
period. It is shown that the main hotspots in the field of biomedical engineering can be divided into
five clusters: disease diagnosis based on artificial intelligence, big data and image; classification
and recognition based on deep learning; nano materials; drug delivery system and its in vivo test for
tumor treatment; tissue engineering and regenerative medicine.

According to the statistics of invention patents authorized in various technology source countries
from 2015 to 2020, the number of invention patents authorized in the United States ranks first and
China ranks second. Surgical robot, biocompatibility and renal nerve therapy are foreign research
hotspots in recent five years, while BCI, ECG signal and rehabilitation exoskeleton robot are

domestic research hotspots.

10.4 Development Trend and Prospect in Biomedical
Engineering

Biomedical engineering has made great progress in both depth and breadth, which not only greatly
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promoted the progress of life science and medicine, but also profoundly changed the structure
and appearance of discipline and medical device industry. The development trend of biomedical

engineering mainly includes the following aspects.

10.4.1 Intelligent Medical Equipment

Intelligent medical devices include wearable human signal acquisition devices, intelligent
processing and control in large—scale diagnosis and treatment devices, as well as new intelligent
devices such as intelligent diagnosis robots and surgical robots. In the area of small equipment, the
detection of personal health data, such as motion, blood oxygen, blood pressure, blood sugar and
sleep record. And intelligent devices for treatment of heart, mental, diabetes and nephropathy are

developed as well.

10.4.2 Health Monitoring Based on Wearable Technology

Wearable intelligent devices fully reflect the integration of intelligent bio technology (IBT).
There are two trends for its development. One is wearable sensing related technologies, including
relevant sensors on wearable device acquisition, human body sensor network on transmission and
basic data processing methods; the other is the medical or health application based on intelligent
data processing technology, including the intelligent mining method of medical data and the
evaluation mechanism of user health status. Wearable device technology is developing from single
physiological and motion parameter monitoring to electronic, chemical, optical and other multi—

sensor monitoring.

10.4.3 Medical Informatization

With the popularization of hospital informatization and the application of a large number of new
technologies, the massive health and medical data has become a national strategic resource.
Health care big data, especially the in—depth utilization of cross agency and multicenter clinical
data, has gradually become a new research hotspot. The introduction of Data Security Law of
The Peoples Republic of China and Personal Information Protection Law has accelerated the
medical application of federal learning, privacy computing, homomorphic encryption, blockchain
and other technologies. Knowledge mapping, reinforcement learning, swarm intelligence and other

technologies bright a new way for early diagnosis and personalized intervention of major diseases.

10.4.4 Biosensor Technology

With the wide application of mobile Internet in recent years, data acquisition combined with wireless

transmission has become a powerful partner. The combination of new materials, nanotechnology
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and biotechnology has spawned a number of innovative sensors. The new medical sensors have
the advantages of higher sensitivity, miniaturization, low cost, non—invasive or minimally invasive,
interconnection and so on. Human sensor networks were proposed in which each sensor can be
regarded as a node of this network. As the entrance of human information and data, sensors need
wireless transmission technology to achieve a balance in terms of high speed, high transmission

quality, low power consumption, autonomous networking, anti—interference and high confidentiality.

10.4.5 New Multimodal Imaging Technology

The construction of multimode optical microscope is a direction of the research and development of
optical microscopic imaging technology. A variety of imaging technologies complement each other,
making the results more accurate and reliable. Multimodal imaging provides much more information
than single—-mode imaging methods. It is an important development direction to combine multiple
imaging methods for accurately identifying, extracting and integrating multiple complementary

information of tissues.

10.4.6 Neuromodulation

Noninvasive transcranial electrical/magnetic stimulation is a common technique in nerve feedback
regulation with the characteristics of low cost, safety and non—invasive. Transcranial electrical/
magnetic stimulation can improve the mathematical calculation ability and learning and memory
ability of healthy people, and it is also effective for mental diseases. Ultrasonic stimulation has
higher spatial resolution and deeper stimulation depth than transcranial magnetic and current
stimulation. The mechanical waves used can he compatible with EEG and other brain imaging tools.

It is necessary to further explore the mechanism, reliability and safety for its neural regulation.

10.4.7 Exoskeleton Rehabilitation Aids and Dysfunction Rehabilitation Devices
for the Elderly

The dysfunctional rehabilitation apparatus represented by exoskeleton will show a trend of rapid
development; combining nerve remodeling theory with light/sound/electric/magnetic nerve regulation
technology, motor dynamics technology, behavior and physiological monitoring technology, a real—
time close—loop can be formed for intelligent brain regulation and intervention strategy. The frontier
problem to be solved for the virtual reality rehabilitation system is how to play an irreplaceable role
in the process of nerve remodeling and motor pattern reconstruction through the separation and
integration stimulation of various sensory channels. The automatic evolution of virtual scene, and
integration with BCI, physiological signal detection and motion analysis are also its development

trend.
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10.4.8 Tissue Engineering and Regenerative Medicine

At present, the reconstruction of complex tissue structure cannot be realized. The physiological
and stress environment plays a vital role in the structural development and functional maturity
of tissues and organs. Therefore, based on the anatomical structure and biochemical composition
of complex tissues, the development of multiphase composite scaffolds to simulate the specific
microenvironment of complex tissues and important organs will be the main development direction of
tissue engineering in the future. Bioreactor, 3D / 4D printing and develop key signal molecules will
be integrated to regulate multicellular interaction, directional tissue regeneration, orderly assembly
and interface integration. Related stem cell research includes 3D stem cell printing, organ culture,

stem cell embryo model, single cell omics, single cell imaging, etc.

10.4.9 Cardiovascular and Cerebrovascular Interventional Device

There is emergent need to develop a new generation of biodegradable bioactive small caliber
artificial vascular scaffolds that can promote vascular tissue regeneration, and realize the
phenotypic regulation of vascular endothelium and middle smooth muscle cells. It is of great
potential to develop interventional biological valves for the treatment of senile aortic valve stenosis
and insufficiency in the elderly, including preinstalled interventional valves, breakthrough in the
design and technology to prevent perivalvular leakage, and development of intravascular imaging
system, smart surgical instrument delivery system and corresponding supporting measurement

and insertion instruments.

10.4.10 High Value Orthopaedic Materials and Bone Repair Alternative

Instruments and Equipment

It is crucial to break through the key technologies such as the preparation technology of the
combination of bioactive coating on the surface of artificial joint and its high—strength interface, the
preparation technology of wear—resistant surface of new artificial joint friction pair materials, surface
antibacterial technology and so on; there is needed to develop new spinal fusion cage and segmental
bone defect repair instruments that can induce spinal tissue regeneration, including alternative
materials with bone regeneration and treatment functions, degradable polymers and metal materials.
At the same time, in order to achieve accurate and minimally invasive surgical implantation and

repair, intelligent instruments and surgical robots have great requirements as well.
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11 Urban Science

1.1 (New) Urban Science

11.1.1 Introduction

The Fourth Industrial Revolution is profoundly changing our cities with a series of disruptive
technologies, characterized by the boom of Internet industries and the everyday application and wide
integration of intelligent technologies. Individuals’ traditional mechanical thinking has changed
into a mindset based on big data, whose cognition also relies more and more on a combination of
both virtual and physical reality experiences. At the same time, cities, where we live, are witnessing
a significant revolution in resource utilization, societal conditions, and spatial use. Along with the
surge of new technologies and new data represented by computer technologies and multi—source
urban data, the (new) Urban Science, as a transdisciplinary combination of urban computing,
Artificial Intelligence, augmented reality, and human—computer interaction, rises over the past
decade.

This report systematically summarizes the research progress and hot issues in this field, discusses
the development process and achievements of New Urban Science in recent years. Based on the
comparative analysis between domestic and overseas, this reports judges the development trend and

prospects of the trend of (new) Urban Science.

11.1.2 Recent Advances in (New) Urban Science

1. Cognition of New Representation of Cities Based on Big Data and Open Data

With the emergence of Internet technology, people’s various behaviors in the city are gradually
transferred from “physical space” to “virtual space”, such as online shopping, online clock—in
consumption, using social media to explore stores, etc. This kind of change is becoming more and

more obvious, which makes relevant researchers have to re—examine the relationship between



B=E EXFRHESESEN (8X)

“physical space” and “virtual space” from the theoretical level. The interaction, mutual construction
and symbiosis between “virtual world” and “real world” and their impact on cities are one of the hot
issues in the direction of Urban Science.

2. Use New Technology, New Method to Study the Urban Space

In recent years, the fourth industrial Revolution, marked by new technologies such as the Internet
and artificial intelligence, has not only provided massive urban data and a new perspective for urban
research, but also brought miniaturized and high—power computers, providing feasible analysis tools
for Urban Science researchers. At the same time, new theories and methods in complex science and
artificial intelligence provide new theoretical and technical support for urban research.

The study of urban space by new methods and new data can be divided into the following aspects.

1) Cross—scale analysis of urban space

Using the new data such as cell phone signaling, this paper makes an in—depth study on the urban
level, population distribution and urban interior spatial structure.

2) Urban morphology at human scale

Many scientific research teams use urban POI data and street view image data to measure urban
spatial quality on a large scale, which provides a basis for supporting the improvement of urban
spatial quality.

3) Urban simulation

Based on urban big data, some scholars have carried out in—depth cognition and analysis of
individual behaviors in cities, and applied knowledge and methods in other fields such as machine
learning to simulate the spatial distribution of a large number of people at the urban scale, thus
providing a favorable analysis tool for urban emergency management and urban development
evaluation.

3. Urban Studies for the Future

Faced with the impossibility of simply “knowing” future cities, the researchers proposed that “the
best way to predict the future is to create the future”, including extracting the prototype of future city

and exploring the path of future urban design.

11.1.3 Comparison of Progress in (New) Urban Science at Home and Abroad

1. Schools Related to (New) Urban Science

Complexity Science schools related to (new) Urban Science include the Complexity Science school
represented by the American Santa Fe Institute; the Illinois School of Planning represented by the
American urban and regional planning expert Lewis Hopkins; and the Science of Cities school
represented by Michael Batty.

However, the research on (new) Urban Science in China started a little later, and the research
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content includes DAD(Data Augmented Design), future city, etc.

2. Research Institutions / Programs on (New) Urban Science

The (new) Urban Science now is been studied and promoted by a number of research institutions
globally, including several renowned international colleges and universities. Relevant international
research institutions mainly include:

Media Lab, MIT; SENSEable City Lahoratory, MIT; Future Cities Laboratory, Singapore—ETH
Center; City Analytics Lab, Faculty of Built Environment, University of New South Wales; Urban
Center for Computation and Data, University of Chicago; Center for Urban Science and Progress,
New York University; Center for Spatial Research, Columbia University; The Bartlett Center for
Advanced Spatial Analysis, University College London; Urban Informatics Group, Queensland
University of Technology Design Lab, etc.

MIT Media Lab was founded in 1986; SENSEable City Laboratory of MIT was founded in 2004;
Future Cities Laboratory was founded in 2010 by Singapore—ETH Center; City Analytics Lab
founded in 2018, by University of New South Wales; Urban Center for Computation and Data
founded in 2012 by University of Chicago; Center for Urban Science and Progress, New York
University; Center for Spatial Research, Columbia University; The Bartlett Center for Advanced
Spatial Analysis, University College London; Urban Center for Computation and Data, University of
Chicago; Center for Urban Science and Progress, New York University; Center for Spatial Research,
Columbia University; The Bartlett Center for Advanced Spatial Analysis, University College London;
Urban Informatics Group, Queensland University of Technology Design Lab.

China’s research institutions and programs in (new) Urban Science include the Smart City the
Digital City Engineering Research Center and the Smart City Joint Lab co—founded by Chinese
Institute of Urban Scientific Planning and Design and the Chinese Society for Urban Studies in 2012;
the research programs on urban space cognition and data augmented design with new data, methods, and
technologies launched by Beijing City Lab founded in 2013; and Administration Center of Urban Data
Safety was established by the Chinese Society for Urban Studies which was founded in 2019.

3. Disciplines and Courses on (New) Urban Science

Chinese and foreign colleges and universities have started to set up disciplines and degree programs
on (new) Urban Science in recent years. The bachelor degree of Science in Urban Science and
Planning with Computer Science was introduced at MIT on May 16, 2018, receiving wide attention
from academic and practitioner circles.

However, there are few courses on (new) Urban Science in China’s colleges or universities. The
undergraduate program*“New Urban Science”provided by the School of Architecture of Tsinghua

University, established in the fall of 2018, is the first course on the (new) Urban Science in China’s
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urban and rural planning education system.

Through a review of domestic and foreign research schools, research institutions and related courses,
it can be seen that (new) Urban Science is emerging in various forms around the world. The research
background of international institutions is based on the intersection of many disciplines, including
quantitative urban studies, the impact of new technologies on cities, future—oriented urban space
and multi—agent urban studies. However, domestic research on (new) Urban Science is still lagging

behind.

11.1.4 Development Trend and Prospect in (New) Urban Science

1. Continue to Strengthen the Application of Big Data in Urban Science

(1) The combination of present—oriented big data and future—oriented urban models can help support
more long—term and refined research on cities.

(2) The big data based on the Internet platform is biased in population categories and data
collection, and cannot completely meet the needs of urban research, especially fine—scale urban
research. Therefore, it is necessary to develop large—scale, low—cost and human—scale active city
perception methods based on various sensors for specific research problems, and collect data of built
environment, natural environment and social environment.

(3) With big data research macro and medium scale has been relatively mature, the future from the
Internet of things and wearable devices, such as “super” big data, is expected to surpass inside and
outside of the building, the boundaries of built environment and the natural environment, let us see
more humanistic scale space of the objective laws, support research, design and operation of built
environment monitoring and evaluation.

2. Further Improve the Scientific Nature of Urban Space Research

(1) Improve the definition of city, avoid scale mismatch and other basic problems.

(2) Improve the scientific community to ensure that every research can have scientific increment.
In the future, Urban Science should adhere to the principle of “City Lab”, improve the scientific
community of disciplines (such as studying an urban community, using a set of data together,
focusing on a small direction together, etc.), ensure that each research can have “scientific
increment”; and improve the scientific nature of urban research.

3. Focus on New Urban Changes and Explore Future Urban Spaces

(1) Actively discuss the space prototype of future city.

(2) Based on SIPMDI (Spatial Intervention, Place Making and Digital Innovation), multiple actors
work together to support future urban design. For SIPMDI concept, should also be stressed more
power into, especially with the digital technology team cooperation, on urban space planning, design,

management and construction are no longer the job of planners and urban designers, managers,
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technology or equipment providers such as power will also be involved, provide interactive facilities,

management middle or intelligence technology solutions.

11.2 Healthy City

Public health is a persistent topic in city science and human settlements research. With the city
public health problems becoming more and more prominent in recent thirty years, the upsurge of
healthy city research and practice has been launched all over the world, which has promoted urban
planning to pay more attention to public health through high requirements and new perspectives.
It is an important mission for the disciplinary development of Health City to study and compare
domestic and foreign differences in the disciplinary development of healthy city, therefore predict
new problems and lay out new directions, at the same time give full play to the strategic leading
role. This report systematically combs the research progress and hot issues of healthy city in recent
years, and discusses the process of the disciplinary development and its achievements in discipline
construction. Based on the comparative analysis between domestic and overseas, this report judges
the development trend and prospects the health city research, and puts forward the development
direction and countermeasures in the field of health city in China.

The research on healthy city in urban science mainly focuses on four directions.

(1) Research on the impact of environmental health from the perspective of multi—dimensional
health, including the impact of an urban environment on mental health and residents’ behavioral
health. More and more attention has been paid to the impact of an urban environment on mental
health and mental disorders in recent years. As for the research on the residents’ health behavior, it
mainly describes people’s health behavior and analyzes its related influencing factors., which mainly
include eating behavior, physical activity, sleeping, smoking, drinking and so on.

(2) Multiscale research on the shaping of healthy urban space: including the healthy city research
from the perspective of urban agglomeration and urban space, healthy community research and
the evaluation standards of healthy buildings. As for the research on health city development from
the perspective of urban agglomeration, more and more scholars have begin to explore the healthy
development strategy of cross provincial low—carbon urban agglomeration, and systematically
constructs the “Internet + medical health” coordinated development mechanism of urban
agglomeration. In terms of health city research from the perspective of urban space, it focuses
on the elements at the macro level, such as urban form, land use and infrastructure. In terms of
healthy community research, more attention are paid to the usage requirements and using feeling

of residents, focusing on spatial scale, residential mixing, facility accessibility and public space
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construction. As for the research of health building evaluation standards, domestic scholars mainly
study from the aspects of health building evaluation case analysis, influencing factors, indoor
environment, health building materials, moisture—proof and bacteriostasis, ventilation technology
and so on.

(3) Public health active intervention research based on urban planning elements: including urban
planning active intervention research on chronic non communicable diseases, urban transportation
and residents’ health research, urban landscape and residents’ health research. As for the active
intervention of urban planning on chronic non communicable diseases, domestic relevant research
covers theoretical construction, basic demonstration and health impact assessment. However,
compared to the foreign research, it started later, and fewer types of chronic non communicable
diseases are involved, also the relevant practical application is still in the exploratory stage. In terms
of research on urban traffic and residents’ health, the influencing factors of traffic on public health
can be divided into motor traffic and non—motorized traffic. Reducing motor traffic and encouraging
pedestrian and bicycle traffic can control pollution and promote exercise. As far as the research
on urban landscape and residents’ health is concerned, domestic research focuses on the impact
mechanism of urban landscape on Residents’ health.

(4) Research on health city oriented to the whole life cycle, including research on the residential
environment for the elderly and children. As for the research on the residential environment for the
elderly, the research focuses on the spatial distribution, social spatial characteristics, transportation,
living space environment of the elderly, as well as the built environmental factors affecting the health
of the elderly. In terms of the research on the children’s living environment, multi—dimensional
factors such as individual factors, social factors and built environment factors which influence each
other affect children’s physical activity and health level.

The main differences of domestic and foreign research in the field of health city lie in different
development periods, different research methods and contents, and different problems in
development. As far as the development period is concerned, domestic research started later than
foreign countries, and its quantity and depth are lower than foreign levels too; in terms of research
methods and contents, domestic research remains at the level of preliminary quantitative analysis.
The single technical methods and the lack of analysis model leads to the unsystematic research
results. There is still a large gap between domestic and foreign research in terms of theoretical
framework, subjective and objective quantitative methods, multi—-temporal and spatial scale
empirical field research, scientific and technological research, comprehensive practical application
and so on. In terms of the faced problems, standardization and normalization are the main problems
faced in the research and development of health city in China. It is urgent for follow—up research

to gradually explore the research framework of Chinese health city under the background of
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urbanization with Chinese characteristics.

There are few developments trend and research prospect based on disciplinary development process
and comparative analysis between domestic and overseas:

(1) Interdisciplinary integration promotes the theoretical system. In recent years, healthy city
research not only includes topics in the fields of traditional urban planning and public health,
but also involves the fields of economy, society, ecological environment, personal behavior, social
justice, etc., showing an obvious trend of interdisciplinary integration, continuously improving the
theoretical system.

(2) The integration of new technologies contributes to the transformation of research methods and
paradigms. With the rapid development of new technologies and new data represented by computer
technology and multi—source urban data, it promotes the progress of quantitative research technology
and brings about the transformation of research thinking mode. It provides a new method for the
study of health city and promotes the establishment of a new paradigm.

(3) The new development stage and concept promote the deepening of research topics and contents.
The research changed from a single dimension of physical health to multiple dimensions of physical,
psychological and social health. And pay more attention to the elderly, children and other groups.
Now the research and exploration present multi spatial scale correlation and long—term dynamic

change.

12 Intelligent Science and Technology

In the 21st century, the global research innovation is unprecedentedly intensive and active. A new
round of technological revolution and industrial transformation is rebuilding the global innovation
pattern, reshaping the global economic structure, and profoundly changing people’s thinking,

production and lifestyle.
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121 Research Progress of the Discipline in Recent Years

In recent years, Al basic theory research has motivated research on many Al methods,
including machine perception, game adversary and visual understanding. As an important
content of Al research, the interdisciplinary Al method research has promoted development
of emerging technologies such as human machine infusion intelligence, autonomous machine
intelligence, multi-—agent, and implementation of production, study and research technology.
Deep integration of Al technology and traditional industries is extensively applied to fields
such as transportation, medical care, education, and industry, bringing revolutionary changes
to human production and life in terms of effective reduction of labor cost, product and service
optimization, generation of new market and employment. Al technologies, such as machine
learning, deep learning, natural language processing, speech recognition, computer vision,
computer graphics, robotics, human machine interface, database, information retrieval
and recommendation, knowledge graphs, knowledge engineering, data mining, security
and privacy, deep neural network, visualization, and IoT, has been introduced to medical
application scenarios such as electronic medical record, image diagnosis, medical robotics,
health management, remote diagnosis, new drug research and development, gene sequencing;
introduced to financial application scenarios such as intelligent customer acquisition,
identification, intelligent risk control, intelligent investment counseling, intelligent customer
service, mobile payment, and business process optimization; introduced to education scenarios
such as smart adaptive learning, education robotics, smart campus, smart classroom, smart
question bank, speech evaluation, human machine dialogue, education assistance; introduced
to manufacturing scenarios such as smart factory, engineering design, engineering process
design, manufacturing, CIMS, generation scheduling, fault diagnosis, intelligent logistics, MES
production information technology management system, as well as urban management scenarios
such as smart government affairs, urban command center, urban public security, logistics and
building service system, energy system, transportation system, urban environment management
system, smart home, medical system, autonomous driving. In the future, Al development will be
extended more into fields such as reinforcement learning, neuromorphic hardware, knowledge

graphs, intelligent robotics and interpretable Al.

12.1.1 AI Basic Theory

With the development opportunity of this emerging industry, China has successively issued the

relevant Al development policies in three recent years, creating the important strategic opportunity
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of preemptive edge of Chinese Al development. As early as 2016, the Three-Year Program of
Chinese Internet +AI (2016—2018) clearly pointed out that Al would become the powerful impetus
for social and economic development. The Three-Year Action Program for Promoting A New
Generation AI Development (2018—2020) reinforced the objective and summarized four major
tasks, including modular development of important Al product, significant enhancement of Al overall
core basic capability, deepened development of intelligent manufacturing, and basic establishment
of Al industry support system. Besides, the New Generation Al Development Planning specially

pointed out, it’s required to study the data driven general Al mathematical models and theories.

12.1.2 Al-related Brain Cognition Basis

Deep learning based on artificial neural networks has made considerable progress in recent years,
an embodiment of neural network architecture’s unique advantages in Al field. Artificial neural
network is an abstraction and simplification of biological neural network. At present, the biological
neural network in the brains of higher animals has far more neurons than deep neural network.
Besides, it’s far more complex than the present artificial nervous network in terms of heterogeneous
characteristics of network (different types of neuron and feedforward, feedback hybrid network
topology, etc.), diverse synaptic plasticity, complex network dynamics. The paper focuses on the
relevant Al brain cognition basis and highlights four aspects including plotting of brain graphs,
nervous network information processing, brain cognition detection and regulation, brain network
modeling and simulation and brain—computer interface required to understand brain structure and

function.

12.1.3 Machine Perception and Pattern Recognition

The research content of pattern recognition includes pattern recognition basis (pattern classification,
clustering, machine learning), computer vision, auditory information processing, application basis
research (biometric recognition, text recognition, multimedia data analysis, etc.). Apart from multi—
aspect, multi-level, in—depth basic theoretical methods and key technical issues, there are extensive
application demands with respect to national security, national economy and social development.
For over half a century in the past, the theory and methodology of pattern recognition has achieved
profound development, and many key technologies have been successfully applied. In recent years,
with development of technologies and methods and platforms such as the Internet, loT, cloud
computing, big data, and deep learning, pattern recognition have also embraced a new phase of rapid
development. The framework of “big data +deep learning” has promoted the rapid development of

pattern recognition method, fast performance enhancement, and driven widespread application.
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12.1.4 Information Retrieval

In recent years, the information retrieval has ushered in rich development directions and widespread
attention, such as understanding and use of heterogeneous information resources, modeling of
user information needs and behaviors, retrieval algorithm and modeling, evaluation on system
performance and retrieval effect. In terms of information acquisition and application scenarios,
it includes transition from desktop search to mobile search, evolution from traditional web page
search to vertical field multimedia search (such as picture, music), deepening from the general
search engine to specific field search (such as law, health). Besides, the information retrieval also
focuses on the basic theory exploration and combination with other fields, such as exploration and
recommendation for user privacy, ethics, equality, dialogue, question and answer, human machine
interface. Dense vector retrieval and representation learning have become a research hot spot for the

information retrieval.

12.1.5 Recommendation System

With Internet popularization, information technology has greatly facilitated people’s production and
life. However, it has also brought the issue of information explosion. Countless online information
from various channels including history, research, entertainment, e~commerce, makes people more
and more difficult to get the information they really need. Information retrieval represented by search
engine is an important way for people to actively get online information. However, it relies on the key
word actively imported by the user. The user needs to have the clear—cut information need, and the
retrieval system can only passively provide information. The personalized recommendation system
provides a way for the system to actively provide information. Rather than relying on user input, the
system can analyze user characteristics and actively push personalized information of user interest,
which is favorable for mining user’s potential demand. The domestic personalized recommendation
system is deeply penetrated into all social aspects, becoming an indispensable service for the user
to get information in daily work and life. The news recommendation system can push for the user
news of interest. The music recommendation system may provide for the user personalized radio
service to play and recommend possible songs of interest. The e—~commerce recommendation system
may recommend possible—to—buy commodity by analyzing user behavior and hobby, becoming
the important Al application scenario. With the challenge of knowledge reasoning demand, the
knowledge—based recommendation is a specific type of recommendation system. To conduct
recommendation system research by adequate use of knowledge graphs has become a hot spot of

semantic understanding.
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12.1.6 Natural Language Processing and Understanding

As a typical interdisciplinary discipline, the natural language processing involves a number of
subjects, including language science, computer science, mathematics, cognitive science, logic,
psychology. The research is generally composed of two parts: Natural Language Understanding
(NLU) and Natural Language Generation (NLG). Natural language understanding aims to make the
computer understand human natural language (including its inherent meaning) through various
analysis and processing. Natural language generation focuses more on how to make the computer
automatically generate natural language forms or systems that humans can understand. Al, from
the bottom up, is composed of computation intelligence, perception intelligence, and cognition
intelligence. Computation intelligence refers to the machine memory and computation capability;
perception intelligence refers to machine’s visual, auditory, and tactile perception capabilities;
cognition intelligence refers to the capability to understand and use language, grasp and use
knowledge, and inference capability based on language and knowledge. At present, Al development
basically achieves computation intelligence. The capability of machine storage and computation
date far exceeds the current level of human beings. The perception intelligence also achieves many
important breakthroughs. In many industry authoritative tests, many Al system has achieved or even
exceeded human level. For example, the perception intelligence technologies such as face recognition and
speech recognition have been widely used in many fields such as image processing, security, education,
and medical care. With the core of natural language processing, the language intelligence processing is an
important way and key foundation to achieve perception intelligence. Al has made some fulfillment in the
perception intelligence level. In the natural language processing and understanding, whether it’s basic
language analysis technology or specific language intelligence application product and system design,

research and development, they are all the future research direction.

12.1.7 Research Progress and Trend Analysis of Intelligent Understanding and

Interpretation of Remote Sensing Image

Image interpretation includes a variety of technologies, such as image noise removal, image feature
classification, road extraction, target detection and recognition. Without manual intervention,
we expect that such applications will be automatically interpreted by machine, with processing
accuracy and reliability up to practical standards. Remote sensing image interpretation technology
has been widely used in military and civilian fields. In the future high—tech information warfare,
the information network covers the entire battlefield. The space—based system is an integral part of
the whole information network. In the space—based battle system, remote sensing data is the main

source of information acquisition, transmission, and relay. Regarding multi—dimensional and non—
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linear battlefield, it has unique advantages to secure rapid perception, transmission of battlefield
information and achieve precision strike. Remote sensing is an important research part of image
processing. With advanced image interpretation technology, it’s possible to rapidly get military
intelligence from remote sensing data, and plays a very important role in autonomous navigation,
battlefield reconnaissance, target recognition, and positioning. In the civil society, remote sensing
data interpretation is closely related to sectors such as precise weather forecast, disaster warning,
urban green space planning, maritime traffic control, smuggling inspection. As the domestic remote
sensing satellites increase and resolution improves, during COVID-19 prevention and control, the
HD satellite 2 provides real—time information on the construction progress of Huoshenshan hospital
and Leishenshan hospital, helps precise policy implementation, and ushering in a new pattern of

Chinese independent application of remote sensing.

12.1.8 Human Machine Fusion Intelligence

As a new type of intelligence, human computer fusion intelligence is produced by interaction
of human, machine and environment. With the combination of human intelligence association,
perceptual reasoning, and Al knowledge and rational reasoning, it also involves physical and
biological intelligent science system. Its fundamental objective is to combine human and machine
merits and advantages, thus forming a brand—new intelligent adaptation mechanism. It contains
human and machine intelligence, and integrates and nurtures new sublimation of intelligence.
Human machine fusion intelligence can be described with the hierarchical scientific architecture.
Through gradual improvement on subjective cognitive ability, people analyze and perceive the
external natural environment. This process involves a number of layers such as memory, intention,
perception, decision and behavior. During cognition, people form subjective thinking. The machine
uses the sensor to obtain data, perceive and analyze external environment. This process includes the
knowledge base, target, information perception, task planning and behavior execution. In this process,
the machine cultivates the objective and formal thinking. The hierarchical architecture indicates that
human machine fusion can happen in the same layer. In the human fusion intelligent system, different
layers also have certain causal relation. With collaborative perception, cognitive interaction, fusion
decision and behavior enhancement, human machine fusion achieves the collaboration of human and

machine intelligence during interaction of human, machine and environment.

12.1.9 Intelligence Robotics

It’s anticipated that in 2025—2030, we will make breakthrough in deep integration of machine
technology and rapidly—developing [oT, cloud computing, and big data, and adequate use of

massive share data, computing resources, intelligent robotics service capability extension. With
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in—depth study into human brain work mechanism, the brain machine interaction technology will
make breakthrough development, greatly expanding the robotics application. In this period, the new—
generation robotics will feature connectivity, virtual and real integration, software definition and human
machine fusion, specifically: use sensors to collect data, quickly upload to the cloud, conduct primary
processing and achieve information share. Deeply integrate virtual signal and real device, achieve
closed loop of data collection, processing, analysis, feedback, and execution, and realize “real-virtual—
real” conversion. Intelligent algorithm of analysis and computation of massive data relies on the
outstanding software application. The new generation intelligent robotics will be software and software
focused, and platform and API centric. Through deep learning, it’s possible to achieve human machine

audio—visual interaction, and human machine psychological cognition and emotional communication.

12.1.10 Significance of Intelligent Economy Development

Intelligent technology has become a new engine to promote economic development. Chinese
intelligent economy development already takes shape. It will be increasingly important to be
future economic growth breakthrough, and comprehensively push forward high quality economic
development. As a leaking key technology among intelligent technology, Al is of great significance
to promote the transformation of transformation of Chinese traditional industries and give rise
to new economies and new business forms. Development of intelligent economy will produce
profound influence on implementation of new development concepts, nurturing new economic
growth points, advancing reform driven supply side reform, and conducting the digital China
strategy. It will generally drive reform of the production method, lifestyle and governance, and
promote independent innovation. Intelligent economy is the best test ground for implementing the
innovation—driven development strategy and promoting “mass entrepreneurship and innovation”
and “crowd innovation; crowd sourcing; crowd support; and crowd funding”, as well as the powerful
impetus to seize the strategic heights of “new infrastructure”. The global pattern of international
trade competition and post—pandemic situation as well as the big trend of intelligent global digital
economy give rise to new opportunity for “new infrastructure”. The new infrastructure such as 5G,
data center, IoT, Al, industrial internet will empower the intelligent upgrade of traditional public
facilities such as transportation, power grid, hospital, campus and industrial park, and form the basic

support of intelligent economy.

12.2 Discipline Development Trend and Prospect

In the few years to follow, it’s expected that intelligent science and technology development will
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play an important role for research, technology renovation and industry upgrade. (DIn recent years,
with deepening Al perception, the potential technical barriers and application risks of traditional Al
gradually appear. Al development is seeking new breakthrough from domain artificial intelligence
to general artificial intelligence. To achieve the leapfrog development from specific artificial
intelligence to general artificial intelligence has become an important trend in the next stage. The
research into general Al and brain-like intelligence, different from domain Al, has become the
important development direction in the future. “Human—-machine—thing” fusion of intelligent science
and technology will be more extensively applied. 20n one hand, knowledge—based intelligent
machine systems such as brain—inspired intelligence, interpretable machine learning, causal
reasoning, and knowledge graphs will complement the existing intelligent science and application
development, and become an important direction to seek Al development breakthroughs. On the
other hand, quantum computing and high—performance computing will further promote human
computing capability, and provide powerful computing capability for intelligent science. 3) The
integrated development of production, study and research brings opportunities and challenges
for development of intelligent science and technology. From scientific discovery to technology
application, from machine perception to decision, from economic development to national security,
the whole chain production, study, research and application integrated development and conversion
capability will become the focus of intelligent science and technology development of all nations.
China should seize opportunity, focus on the theoretic study to enhance strategic basic study,
emphasize forward technology research and development focusing on technology research, and
showcase university technology application by application research. @Nurturing interdisciplinary
talents has become the cornerstone of development. The emerging field of intelligent science and
technology and branch interdisciplinary characteristics pose a challenge to the nurturing mechanism
for higher education discipline talents. In order to keep aligned with an important science
development trend since the 20th century,: technology integration, penetration of science, technology
and society, interdisciplinary breakthrough, China Association for Science and Technology(CAST)
coordinates nationwide academies to form the consortium, and actively push forward building of
interdisciplinary talent system. (5Data is an important production element. In the future, during the
intelligent economy development, we should push forward technology breakthrough and formulate
appropriate technical standards, protect Al ethics value including protection of citizen privacy,
enhance public trust and confidence on Al technology. Restricted by the value outlook of all nations,
we should conduct auto decision, drive development in other fields, help vulnerable groups, shorten

digital gap and develop Al for good.
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