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DI Mavic 4.7 03277 4000« 00« &G 15,1
FC220 £4.745 3004
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k1
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~

Module 1: Digital ITCP model-based Safety planning and inspection sy

1. Digital ITCP model

creation g
Manual ITCP Digital ITCP model Safety inspection & analysis on digital ITCP
* Project scope determination * Adjust virtual camera parameters to match object
= Creating elements representing a work zone, recognition and ITCP
2. UAS-based safety E such as safe workspaces, normal traffic * Update locations of objects in ITCP
: areas, and construction traffic areas. * Detect workers in no-go-zones

monltonng a_nd data P' H Highlighting no-go-zones (e.g. trench, traffic,
collection . H equipment area)

Module 2. UAS-based safety monitoring and data collection

3. Deep learning-based ¥

(CNN) image recognition = i :
at ‘r = . !

UAS platform UAS ground Road / bridge construction UAS aerial

(quadcopter) command center work zone imagery

Module 3: Deep learning-based image recognition

sj|nses uonoejep bujuies|-deep pue 4o 1| |eibip buibelere

4. ITCP-based safety [
inspectionon ITCP [ d
model B % 4
System operating 4 ¥~ Featured map
procedures UAS aerial image Extracting region Computing CNN Features Classifying
collected (input) proposals (R-CNN) objects
ZEH2
/‘/1 10 /J 120 /_J 150
— R - 151
PHENE LIRS * » PUBTRNE = > HNedod P = _/
/_
SRR -
/J130 yad
- 140 24 71 b XI5 HFB
2 O1H] 2 X |/ /,h/ g
< 154
141 I AHgS
- 132 gyraes |/ ERAERE |
Ey Pl /
2 L - . 142 A B g 155
ol et 133 N
L/ 7 4
1 S i e E B L 136
CESPIES I o
1 =845
suw
1 160
170 L i
—~ 2NRE
e inEs = %
o=

_14_



SS=50l 10-2354870

EH3

(b) Digitalizing ITCP on Satellite Map

Traffic Flow

k1

T4

Viewpoint from
UAS Virtual
camera

(a) CNN-based object (b) Localizing bounding boxes (c) Translating camera coordinates
detection output on virtual camera view in digital

Format: [x, y, width, height, confidence] ITCP model (two examples)
(unit: the percentage of total pixels)

= Translating virtual camera coordinates to global coordinates

= Raytracing: Camera origin to global coordinates vs. map
surface

* Draw detection boxes on digital ITCP
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ili)

k1

Aug
-

t
' Viewpoint from
UAS virtual
camera

- ulflh

EH7

1-85 SR237 bridge re-constructioh work zopne
— —{captured.by authet) 5%

(b) Quad-copter UAS used

Passenger

traffic area No-go-zone area

(potentially falling
objects fromabove)

l Construction
traffic area

Work-zone'
boundary

Construction
traffic area

(c) Digital ITCP model and safety rules
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Worker 1

Worker 1in [}
safety zone

zone (violating
Rule 1 and 2)

J L’.'v

oin

Worker 5~8 should
have falling arrest
systems (by Rule 4,

lorker 3 in No-go-zone
(violating Rule 2 and 3)

£ 4
Worker 4

Worker 3
L]

Worker 4 in No-go-zone
(violating Rule 2)

Worker 2 in No-go-zone

(violating Rule 3) Worker 2
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