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Consideration of improvements to ICT dredger manuals for greater efficiency
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Synopsis

In Japan, the working-age population is decreasing due to the declining birthrate and aging population,
In the construction industry as well, the numbers of contractors and employees have been decreasing since the
late 1990s.

In response to the decline in the working population, in FY2015, the Ministry of Land, Infrastructure,
Transport and Tourism implemented an “i-Construction” initiative to improve productivity and realize
economic development.

In the harbor field, since FY2017, utilization of multi-beam surveying with three-dimensional data in “ICT
dredging (harbor construction)” has been ongoing. Various manuals and procedures have been established for
multi-beam surveying, but these do not always contribute to the efficiency of work behaviors or costs to yield
greater overall productivity. Therefore, since FY2017, a study has been conducted each year to determine
ways to improve efficiency, and manuals have been revised accordingly.

In this study, our aim was to further improve the efficiency of "ICT dredging (harbor construction)" and
suggest approaches that will lead to improvements in productivity. Based on data regarding work already
executed as well as experimental work, as obtained in interviews with those involved in multi-beam
surveying, the following two suggestions were made:
(1) “Reduce the surveying distance” by relaxing the values established for “swath angle/overlap rate,” and
(2) “Increase the number of software programs that can be used when calculating soil volume by adding

“Mode” as a selection option for “Acquired point cloud data processing.”

Key Words: i-Construction, ICT dredging, multi-beam survey, swath angle, overlap rate, median, mode
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ERIFE £ No.1103

4. < )LFE—LHEER

RT-A.l ~ /LT B — LB R
E#(E
D A | s | 90° 100%
gl RTAM || | MR T
A= SRR
AR : 2THIE (EEIED)
9 90" | 100%| 71| 16 | @7.0m 100% | E#(E
Gnamop: ) |100m>100m| 90" 60%| 42| 12 | @.7m 75.0%
90° 12%| 30| 10 |@ilzm 62.5%
A-2 120° | 100%| 123]| 10 |@12.0m 62.5%
oxmize ) |100m¥100m 120" | 60%| 73] 7 |@irom 13.8%
1200 | 24%| 30| 6 |@21.6m 37.5%
s 130° | 100%| 152| 8 |@15.3m 50.0%
oxmiag: ) [100M*100m[ 130 | 60%| 91| 6 |@2i3m 37.5%
130° | 20%| 30| 5 |@27.4m 31.3%
B X1 : kR HIE (GEHIE)
o 90° | 100%| 74| 11 | @7.0m 100% | E#(E
anamop: ) | 140mx70m |90 60%| 42| 9 | @.7m 81.8%
90° 12%| 30| 8 |@ilzm 72.1%
Y 120° | 100%| 123] 7 |@12.0m 63.6%
imiag | 140mx70m (1207 | 60%| 73] 6 |@irom 54.5%
1200 | 24%| 30| 5 |@21.6m 45.5%
o 130° | 100%| 152| 6 |@15.3m 54.5%
oxmise )| 140m*T0m [ 130" | 0% 91| 5 |@21m 25.5%
130° | 20%| 30| 4 |@27.4m 36.4%
A2 AU THEEOEDITEE () F-A3 RUSAT IS (TR © O T 20% 5 1
R R
- — s " 2728 %2{’;22;’“ EIEE20% L LRR
90° 7.1m 7.1mx0.6=4.2m 7.1mx0.2=1.5m 90° 3.0m 3.0m=+7.1m=42%
1200 | 123m | 123mx06=7.3m | 12.3mx0.2=25m 120° 3.0m 3.0m+12.3m=24%
130° 15.2m | 15.2mx0.6=9.1m | 15.2mx0.2=3.0m

SO EEPTHE KR © -8.1m
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5. TRIGHIE  BIBREHE

(1) A-1 (JERFE X% 100m X 100m) : AT A 90° T 20%~100% T O RIERAEL

r—20 r— 2@ br—2Z(3)
B 100% WMFAFE@7.0m AL 16 & EER 60%HRHM@.7Tm AL 12K EHER 2%NRMAR@11.2m AZ 10 K
100m T E= I 3.0m +7.1m=42.3% >20%

E-A.5 90° 100%3HI# B-A.6 90° 60% % E-A.7 90° 42% %

(2) A-2 (RIS XHE 100m X 100m) : AT A4 120° EHER 20%~100% T O HIFALL
r—20 r—20Q r—20Q
R 100% MR B@12.0m ALK 10 A FEHER 0% MRHER@17.0m @AK 74K BEEE 24%HBRMB@21.6m A%k 6 A&
FAE R = R RIE 3.0m < 12.3m*=24% >20%

E-A.8 120° 100%l%5+ E-A9 120° 60%IHk E-A.10 120° 24%3I#

(3) A-3 (HIEXIZXHE 100m X 100m) @ AT A4 130° B R 20%~100% T D HIFALL
r—2D =A@ =A@
B 100% WFRHR@15.3m A% 8 A TR 60% M MEIR@21.3m A% 6 A A 20%WHEH R @27 4m MASL 5 A

E-A.11 130° 100%7HI# B-A.12 130° 60%HI#R R-A.13  130° 20%HI#z
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(4) B-1 (BIEXELIXKIEL 140m X 70m) : A7 A4 90° B 20%~100% T D MR ALK
r—2D =A@ =A@
EHE 100% WA R@7.0m AR 11 A EEE 0% HHEF@.7Tm A 9 A EHEE 2%HHRMRE@1.2m A% 8 A
T R=f{IE 3.0m +7.1m=42.3% >20%

140m

»
»

A

woL

E-A.14 90° 100%3l%5+ E-A.15 90° 60%I#3 E-A.16 90° 42%JI#3

(5) B-2 (HIEXRFZIXIK 140m X 70m) : AT A4 120° B R 20%~100% T O HIFALL
r—2D =A@ =A@
EHE 100% HFRHR@12.0m A% 7K  EHEFE 0% HHRMFE@17.0m AR 6 A TR 24%NHRER@21.6m ALK 5 A
FAE R = IR 3.0m +12.3m*=24% >20%

B-A.17 120° 100%3#5 E-A.18 120° 60%:HlfE B-A.19 120° 24%i##

(6) B-3 (E:XRIEXIR 140m X 70m) : AT A4 130° B 20%~100% TOHIFRA %L
br—2D fr—2@ =20
EHEZE 100%WHRMB@15.3m ALK 6 A B R 60%HRRMR@21.3m A% 5 A B 20% MR ER@27.4m AL 4 K

E-A.20 130° 100%3H# B-A.21 130° 60%7Alf B-A.22 130° 20%7AI#
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ICT BB (B OZhRIICH T T2~ = = 7 AVEO L EC BT 2t
HE P2 - FRILEE - ok - IEETR - AT

(1) JKTRE « A Xk &2 TR (HRHIEDD

F-A4 AR ETHEE EEHIED KEE—EE
WMEHEE : 27 RMBI0° EHEE100% (B m)
No. No.220 No.240 No.260 No.280 No.300 No.320
R7AR| EiEE HlR HIENE ffz HIENE ffz HEE ffz HEE ffz HEE ffz HEE ffz

90° 100% -71.4 - -1.4 - -1.6 - -1.5 - -71.6 - -7.6 -

90° 42% -7.4 1] -1.4 1] -1.6 0 -1.5 0 -1.6 0 -7.6 0
90° 60% -1.4 0 -1.4 0 -1.7 -0.1 -71.5 0 -71.6 0 -1.6 0
120° 24% -1.4 0 -1.4 0 -1.6 0 -71.6 -0.1 -71.6 0 -71.6 0
120° 60% 680m -7.4 0 -1.4 0 -1.6 0 -1.5 0 -1.6 0 -7.6 0
120° 100% -7.4 0 -1.4 1] -1.7 -0.1 -1.5 0 -71.6 0 -7.6 0
130° 20% -1.4 0 -1.5 -0.1 -1.6 0 -71.5 0 -71.6 0 -1.6 0
130° 60% -7.3 0.1 -1.4 0 -1.6 0 -71.5 0 -71.5 0.1 -1.6 0
130° 100% -7.3 0.1 -1.4 1] -1.6 0 -1.5 0 -71.5 0.1 -7.6 0
90° 100% -7.3 = -1.4 = -1.5 = -71.6 = -71.6 = -1.5 =

90° 42% -7.3 0 -1.4 0 -1.5 0 -71.6 0 -71.6 0 -71.5 0
90° 60% -7.3 0 -1.4 1] -1.5 0 -1.7 -0.1 -71.6 0 -7.5 0
120° 24% -7.3 1] -1.3 0.1 -1.5 0 -1.7 -0.1 -71.6 0 -7.5 0
120° 60% 700m -7.3 0 -7.4 -7.4 0.1 -71.6 0 -71.6 0 -71.5 0
120° 100% -7.3 0 -1.4 0 -1.5 0 -71.6 0 -71.5 0.1 -71.5 0
130° 20% -7.2 0.1 -1.4 -1.5 0 -1.6 0 -1.5 0.1 -7.6 -0.1
130° 60% -7.2 0.1 -1.3 0.1 -1.4 0.1 -71.6 0 -71.6 0 -71.5 0
130° 100% -7.2 0.1 -1.4 0 -1.5 0 -71.6 0 -71.6 0 -71.5 0
90° 100% -7.3 - -1.4 - -1.4 - -1.5 - -1.5 - -71.4 =

90° 42% -7.3 1] -1.3 0.1 -1.4 0 -1.5 0 -1.5 0 -7.4 0
90° 60% -7.3 0 -1.4 0 -1.4 0 -71.5 0 -71.5 0 -71.5 -0.1
120° 24% -7.3 0 -1.4 0 -1.4 0 -71.5 0 -71.5 0 -71.5 -0.1
120° 60% 720m -7.3 0 -1.4 0 -1.4 0 -1.5 0 -1.5 0 -1.5 -0.1
120° 100% -7.3 0 -1.4 1] -1.4 0 -1.5 0 -14 0.1 -7.4 0
130° 20% -7.2 0.1 -1.4 0 -1.4 0 -1.4 0.1 -1.4 0.1 -71.5 -0.1
130° 60% -7.3 0 -1.3 0.1 -1.4 0 -1.5 0 -14 0.1 -7.4 0
130° 100% -7.2 0.1 -1.4 1] -1.4 0 -1.5 0 -14 0.1 -7.5 -0.1
90° 100% -7.3 = -1.4 = -1.4 = -71.4 = -71.4 = -71.3 =

90° 42% -1.4 -0.1 -1.4 0 -1.4 0 -1.4 0 -1.4 0 -1.4 -0.1
90° 60% -7.4 -0.1 -1.4 1] -1.4 0 -14 0 -14 0 -7.4 -0.1
120° 24% -7.4 -0.1 -1.4 1] -1.4 0 -14 0 -14 0 -7.4 -0.1
120° 60% 740m -74 -0.1 -7.4 0 -7.4 0 -1.4 0 -1.4 0 -1.4 -0.1
120° 100% -7.4 -0.1 -1.4 1] -1.4 0 -14 0 -14 0 -7.4 -0.1
130° 20% -7.4 -0.1 -1.4 1] -1.4 0 -7.3 0.1 -7.3 0.1 -7.4 -0.1
130° 60% -1.4 -0.1 -1.4 0 -1.4 0 -1.4 0 -7.3 0.1 -7.3 0
130° 100% -1.4 -0.1 -1.4 0 -1.4 0 -1.4 0 -1.4 0 -1.4 -0.1
90° 100% -7.2 - -1.3 - -1.4 - -7.3 - -7.3 - -7.3 -

90° 42% -7.2 0 -1.3 1] -1.4 0 -7.3 0 -7.3 0 -7.3 0
90° 60% -7.2 0 -1.4 -0.1 -1.3 0.1 -7.3 0 -7.3 0 -7.3 0
120° 24% -7.1 0.1 -1.3 0 -1.4 0 -7.3 0 -7.3 0 -7.3 0
120° 60% 760m -7.2 0 -1.3 0 -1.3 0.1 -7.3 0 -7.3 0 -7.3 0
120° 100% -7.2 0 -1.3 0 -1.4 0 -7.3 0 -7.3 0 -7.3 0
130° 20% -7.2 0 -1.3 0 -1.4 0 -7.3 0 -7.2 0.1 -7.3 0
130° 60% -7.1 0.1 -1.3 1] -1.4 0 -7.3 0 -7.3 0 -7.3 0
130° 100% -7.1 0.1 -1.3 1] -1.4 0 -7.3 0 -7.2 0.1 -7.3 0
90° 100% -71.2 = -1.2 = -1.2 = -7.1 = -7.1 = -7.0 =

90° 42% -7.2 0 -1.2 0 -1.2 0 -7.1 0 -7.1 0 -7.0 0
90° 60% -7.2 0 -1.3 -0.1 -1.2 0 -7.1 0 -7.1 0 -7.0 0
120° 24% -7.1 0.1 -1.2 0 -1.2 0 -7.2 -0.1 -7.1 0 -7.0 0
120° 60% 780m -7.2 0 -1.2 0 -1.2 0 -7.1 0 -7.1 0 -7.0 0
120° 100% -7.2 0 -1.2 1] -1.2 0 -7.1 0 -7.1 0 -7.0 0
130° 20% -7.1 0.1 -1.3 -0.1 -1.2 0 -7.1 0 -7.0 0.1 -7.0 0
130° 60% -7.1 0.1 -1.2 0 -1.2 0 -7.1 0 -7.0 0.1 -7.0 0
130° 100% -7.1 0.1 -1.2 0 -1.2 0 -7.1 0 -7.0 0.1 -7.0 0
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(2) JKTRME - B Xik HRIZIIE (BRAIER)

ERIFE £ No.1103

F-AS5 B HDRZHE (EHI%) KEE—FI%

EHE(E 1 27 2fA90° EHFE100% (B - m)
No. No.20 No.40 No.60 No.80
RTAR| EiEE R BIEfE ff){: RIEfE ff}z HIEfE fﬁz HIEfE ff){:

90° 100% -8.8 - -8.8 - -8.7 — -9.0 —

90° 42% -8.9 -0.1 -8.8 0 -8.7 0 -8.9 0.1
90° 60% -8.9 -0.1 -8.7 0.1 -8.7 0 -8.8 0.2
120° 24% -8.9 -0.1 -8.7 0.1 -8.8 -0.1 -8.9 0.1
120° 60% 680m -8.6 0.2 -8.7 0.1 -8.7 0 -8.7 0.3
120° 100% -8.8 0 -8.6 0.2 -8.7 0 -8.8 0.2
130° 20% -8.9 -0.1 -8.6 0.2 -8.7 0 -8.8 0.2
130° 60% -8.7 0.1 -8.6 0.2 -8.7 0 -8.8 0.2
130° 100% -8.8 0 -8.6 0.2 -8.6 0.1 -8.9 0.1
90° 100% -8.8 = -9.0 = -8.9 = -8.7 =

90° 42% -8.9 -0.1 -9.0 0 -8.9 0 -8.8 -0.1
90° 60% -8.8 0 -8.9 0.1 -8.8 0.1 -8.6 0.1
120° 24% -8.8 0 -9.0 0 -8.8 0.1 -8.7 0
120° 60% 700m -8.7 0.1 -8.9 0.1 -8.8 0.1 -8.7 0
120° 100% -8.7 0.1 -8.8 0.2 -8.7 0.2 -8.6 0.1
130° 20% -8.8 0 -8.9 0.1 -8.8 0.1 -8.7 0
130° 60% -8.9 -0.1 -9.0 0 -8.8 0.1 -8.6 0.1
130° 100% -8.8 0 -8.9 0.1 -8.7 0.2 -8.6 0.1
90° 100% -8.9 - -8.7 - -8.7 - -8.6 -

90° 42% -8.9 0 -8.8 -0.1 -8.7 0 -8.7 -0.1
90° 60% -8.9 0 -8.7 0 -8.7 0 -8.6 0
120° 24% -9.0 -0.1 -8.7 0 -8.7 0 -8.6 0
120° 60% 720m -8.8 0.1 -8.7 0 -8.7 0 -8.6 0
120° 100% -8.8 0.1 -8.6 0.1 -8.7 0 -8.5 0.1
130° 20% -8.9 0 -8.7 0 -8.8 -0.1 -8.7 -0.1
130° 60% -8.9 0 -8.7 0 -8.7 0 -8.6 0
130° 100% -8.8 0.1 -8.6 0.1 -8.7 0 -8.6 0
90° 100% -8.7 - -9.1 - -8.9 - -8.8 -

90° 42% -8.7 0 -9.1 0 -8.9 0 -9.0 -0.2
90° 60% -8.8 -0.1 -9.0 0.1 -8.8 0.1 -9.1 -0.3
120° 24% -8.7 0 -9.1 0 -8.9 0 -8.9 -0.1
120° 60% 740m -8.6 0.1 -9.0 0.1 -8.8 0.1 -8.8 0
120° 100% -8.6 0.1 -8.9 0.2 -8.9 0 -8.7 0.1
130° 20% -8.7 0 -9.0 0.1 -8.8 0.1 -8.7 0.1
130° 60% -8.7 0 -9.0 0.1 -8.9 0 -8.7 0.1
130° 100% -8.6 0.1 -9.0 0.1 -8.8 0.1 -8.8 0
90° 100% -8.8 - -8.7 - -8.5 - ol -

90° 42% -8.9 -0.1 -8.7 0 -8.4 0.1 -9.1 0
90° 60% -9.0 -0.2 -8.7 0 -8.6 -0.1 -9.1 0
120° 24% -9.0 -0.2 -8.7 0 -8.5 0 -9.1 0
120° 60% 760m -8.8 0 -8.6 0.1 -8.5 0 -9.0 0.1
120° 100% -8.9 -0.1 -8.5 0.2 -8.4 0.1 -9.0 0.1
130° 20% -8.9 -0.1 -8.5 0.2 -8.4 0.1 -8.9 0.2
130° 60% -8.9 -0.1 -8.6 0.1 -8.5 0 -9.1 0
130° 100% -8.8 0 -8.6 0.1 -8.3 0.2 -9.0 0.1
90° 100% -8.8 - -8.5 - -8.8 - -9.0 -

90° 42% -8.8 0 -8.5 0 -8.7 0.1 -9.0 0
90° 60% -9.0 -0.2 -8.5 0 -8.9 -0.1 -9.0 0
120° 24% -8.7 0.1 -8.6 -0.1 -8.9 -0.1 -9.0 0
120° 60% 780m -8.8 0 -8.5 0 -8.7 0.1 -8.9 0.1
120° 100% -8.7 0.1 -8.4 0.1 -8.8 0 -8.9 0.1
130° 20% -8.8 0 -8.4 0.1 -8.7 0.1 -8.9 0.1
130° 60% -8.9 -0.1 -8.6 -0.1 -8.7 0.1 -9.0 0
130° 100% -8.7 0.1 -8.5 0 -8.7 0.1 -8.9 0.1
90° 100% -9.0 - -8.9 - -8.7 - -9.0 -

90° 42% -8.9 0.1 -8.9 0 -8.7 0 -9.1 -0.1
90° 60% -9.0 0 -8.8 0.1 -8.7 0 -9.1 -0.1
120° 24% -9.0 0 -8.9 0 -8.7 0 -9.0 0
120° 60% 800m -8.8 0.2 -8.8 0.1 -8.7 0 -9.1 -0.1
120° 100% -8.9 0.1 -8.8 0.1 -8.7 0 -9.0 0
130° 20% -9.0 0 -8.8 0.1 -8.7 0 -8.9 0.1
130° 60% -9.0 0 -8.8 0.1 -8.6 0.1 -9.0 0
130° 100% -8.9 0.1 -8.8 0.1 -8.7 0 -9.0 0
90° 100% -8.7 - -9.1 - -8.8 - -8.9 -

90° 42% -8.8 -0.1 -9.1 0 -8.7 0.1 -8.9 0
90° 60% -9.0 -0.3 -9.1 0 -8.7 0.1 -8.9 0
120° 24% -8.9 -0.2 -9.0 0.1 -8.7 0.1 -8.8 0.1
120° 60% 820m -8.7 0 -9.0 0.1 -8.7 0.1 -8.8 0.1
120° 100% -8.7 0 -8.9 0.2 -8.6 0.2 -8.8 0.1
130° 20% -8.8 -0.1 -8.9 0.2 -8.7 0.1 -8.8 0.1
130° 60% -8.7 0 -9.1 0 -8.6 0.2 -8.8 0.1
130° 100% -8.6 0.1 -9.0 0.1 -8.6 0.2 -8.7 0.2
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EBEH1 RIFEHE £RE BEH2 B HRE
VVAENAVALEVAVALESAVIALEYIVIAUEVAVELEYAVIALESAVIALEYIVIALEVAVALESAVIELEYIVE L EYS
TEETFEE A B A B A B A B A B A B
(Im/1x] BIELE | RELE2 | RELE1 | RELE2 | RILE1 | RIELE2 | RELE | RELE? | RTLE] | RTLE? | RTLE | RELE2
@ |hoEE) 11,978| 11,941 69,840 69,834 22,110 22,097 19,039 18,976 57,307| 57,296/ 175,686| 175,323
@ =IAfE 12,047 11,822 69,872 69,977 22,106| 22,050, 19,033 18,716/ 57,381| 57,320| 175,914| 175,080
@:EF 69| -119 32| 143 -4 47 6| -260 74 24| 228 -243
BIE(E-hR{E(H%)
R =
@ ig:q:yaﬂﬁ(gﬁ) 0.58%| -1.00%| 0.05%| 0.20%| -0.02%| -0.21%| -0.03%| -1.37%| 0.13%| 0.04%| 0.13%| -0.14%
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D |hkiEEE) 14,630 | 14,536 | 14,941 | 14,962 | 30,661 | 30,649 | 67,925| 67,918 | 21,040| 21,036| 9,070| 9,059
@ |s#EE 14,632 | 14,524 | 14,963 | 14,962 | 30,661 | 30,649 | 67,925 67,918 | 21,040| 21,036| 9,070| 9,059
TEE=
@ B () 2 -12 22 0 0 0 0 0 0 0 0 0
R =
@ igi/q:ye{rg(giﬁ) 0.01%| -0.08%| 0.15%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%
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