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 247.9513645 1035.002708 622.0345497 1C6500 8348547153 S06G5 146 90 S06G5  
 220.6524372 993.4335709 622.157526 1C6500 8348547153 S06G5 146 90 S06G5  
 193.3535099 951.8644333 622.2805023 1C6500 8348547153 S06G5 146 90 S06G5  
 166.0545588 910.2952957 622.4034309 1C6500 8348547153 S06G5 146 90 S06G5  

 



 

67 

 

TD-Y6B-1200
( 3.37) MIT Pixhawk TD-

H7CPO (Autopilot)
(Companion Computer) GNSS

4G/5G
 

 

 
3.37  

(2)  
( 3.38) Blender

idx 4
3  

(a) 1 6 16
6 56  

(b) 2 10 ASC II ASC II 10
3 95 (

) 2
 

(c) 3 Blender ( 3-8)

3 3
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3.38  

3-8 Blender ( 3) 
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3. GNSS  

GNSS (VIO)
UWB

GNSS UWB
 

4
GNSS UWB

( 3.39)
GVINS (Tightly Coupled GNSS-Visual-Inertial System) UWB

3
UWB GRVINS (Tightly Coupled GNSS-Range-Visual-

Inertial System)  
 

 
3.39  

(1) GRVINS (Tightly Coupled GNSS- Range -Visual-Inertial 
System) 

(
IMU) (RTK GNSS UWB) ( 3.40 )

RTK GNSS
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RTK GNSS
( ) IMU VIO (Visual Inertial Odometry) UWB

 
 

 
3.40 GRVINS  

 
(

IMU )
( UWB GNSS )

 
3.41

(VIO) CMOS (Global Shutter)
(Rolling shutter)

(Inertial Measurement Unit, IMU)
 (Microcontroller 

Unit, MCU) IMU
(Camera Serial Interface, CSI (High Definition Multimedia 
Interface, HDMI) (Companion Computer) IMU

(Serial Peripheral Interface, SPI) MCU
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(Universal Asynchronous Receiver/Transmitter, 
UART)  

 
3.41 IMU  

3.42
1 4 4 VBS-RTK

UWB
4 B 1 UWB

4 UWB

2
1 8 UWB UWB

 

 
3.42  

TD-Fusion-450 TD-Edu-650

30 Y6 TD-Y6B-
1200
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(2) UWB  
UWB GNSS 4 UWB

(Anchor) (UWB Tag) ( 3.43) (Shule 
et. al, 2008)  

3.44  iWave iPosition UWB (
) 600 20 GNSS

VIO
 

 
3.43 UWB  

            
3.44 iWave iPosition UWB  

( 3.45) GVINS (Tightly 
Coupled GNSS-Visual-Inertial System) UWB

UWB
GRVINS (Tightly Coupled GNSS-Range-Visual-Inertial System)
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(3)  
5

 

 ( Body Frame )
IMU UWB  

 ( Local World Frame )
X Y Z

 

 ( Earth-centered, Earth-fixed (ECEF) Frame )
Z XY X Y

GNSS ( Raw Data )
 

ENU  ( ENU Frame ) X Y Z
(East) (North) (Up) ECEF

(Yaw )
ECEF  

 

 
3.45  

(4) GRVINS (Tightly Coupled GNSS- Range -Visual-Inertial System)  

GNSS (VIO)
UWB
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GNSS UWB
 

4
( 3.46) GNSS UWB

 
(Maximum A Posterior

MAP) MAP
 

 

 

 (P) (V) (Q)

( )  

 

(Inertial Factor) IMU
 

 

(Visual Factor)
LK  

 

(Code Pseudorange Factor)
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(Doppler Factor)
 

 

(Receiver clock Factors)  
 

(Range Factors)  

 

 

 

 
3.46 GRVINS  

3.5   

3
AI

Excel
4.5  

3.6   

AI 
5  
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3.7   

1  AI 
( )

4.5  

3.8   

(1) (
) (2) /

 1  
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4.1  AI  

1.  

(1) (111 )AI  
Deeplab V3+

DeepLab V3++ Lawin

4.1  

 
4.1 : :  

( ) ( )
0 1

4,262

24,080 21,860 18,400 12,150 15,620
8 2

0.9 SGD 50
epoch 10 epoch 1/10 90

Epoch 4.2 3 DeepLab 
V3++ DeepLab V3+ DeepLab V3+
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    Deeplab V3+ Deeplab V3++ Lawin 

 

 
4.2 DeepLab v3+ DeepLab v3++ Lawin  

4-1 AI
DeepLab v3++ MIoU DeepLab V3++ DeepLab V3+

9-16% (OE) 14-32%

DeepLab V3++ Lawin DeepLab V3++
Lawin (TIoU 50% 60%) Lawin 
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TIoU 48% Lawin Transformer
 

4-1 AI  

 

(2) 112 AI  
112 111

1
2 4-2

512x512
4-3 4-5

4-6  
 

4-2  

       
111  

 
24,080 18,400 21,860 12,150 15,620 2,370 

112  
 

24,760 19,540 22,040 18,230 18,590 12,410 
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4-3 Deeplab v3++  
  DeepLab V3++  

(111 ) 
DeepLab V3++  

(112 ) 
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4-4 Lawin  
  Lawin 

 (111 ) 
Lawin 

 (112 ) 
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4-5 DeepLab V3++  

      

(%) 111
 112  111  112  111  112  111  112  111  112  

IoU 
(TIoU) 57.77 71.69 71.60 77.17 56.05 64.25 64.17 71.38 

 

65.88 

WIoU 58.15 71.96 73.77 79.23 58.37 66.34 68.63 75.45 66.55 

R 72.19 84.34 84.43 86.20 76.45 74.97 78.15 82.24 79.11 

P 74.32 82.70 82.50 88.05 67.75 81.80 78.20 84.39 79.75 

F1 73.23 83.51 83.45 87.11 71.84 78.24 78.18 83.30 79.43 

OE 27.81 15.66 15.57 13.80 23.55 25.03 21.85 17.76 20.89 

CE 25.68 17.30 17.50 11.95 32.24 18.20 21.80 15.61 20.25 

 
4-6 Lawin  

      

(%) 111  112  111  112  111  112  111  112  111  112  

IoU 
(TIoU) 46.60 31.72 54.79 47.09 47.09 41.49 47.09 46.22 21.63 20.54 

WIoU 76.85 70.48 75.72 78.00 78.00 83.57 78.00 77.85 94.82 94.75 

R 62.35 45.22 64.07 60.52 60.52 54.18 60.52 56.92 34.21 66.14 

P 64.84 51.52 79.10 67.97 67.97 63.93 67.97 71.08 37.03 22.96 

F1 63.57 48.17 70.80 64.02 64.02 58.65 64.02 63.22 35.56 34.09 

OE 52.68 56.28 67.97 58.06 58.06 59.99 58.06 65.04 53.08 13.24 

CE 35.16 48.48 20.90 32.03 32.03 36.07 32.03 28.92 62.97 77.04 

 
112

Deeplab v3++
IoU 7% OE CE

1.76% 13.49%
Lawin

IoU 4% OE
CE 3.27% 2.36%

Deeplab v3++
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10
Lawin

Lawin
Lawin  

(3) 112 AI  
112

Mix Transformer(MiT) Lawin Transformer 
3.11  

( 4.3)
( 4,264 ) ( 42,64 +

1600 ) 4.4
(IoU) 36%( ) 42%( )  

 

 
4.3  

 
4.4  

4.5
( 1 4 )

2 3
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4-7 4-8
AI

 

 
4.5  

:  

4-7  
   

 
(%) 

 (%) (%) (%) 

Precision 51.29 61.61 99.88 99.89 

Recall 55.39 56.97 99.86 99.91 

F1 53.26 59.20 99.87 99.90 

IoU 36.30 42.05 99.75 99.80 

 48.71 38.39 0.12 0.11 

 44.61 43.03 0.14 0.09 
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4-8  

 (%) (%) 
 99.75 99.80 

Kappa 53.13 59.10 
 

6
5

4-9  
 

4-9 DeepLab V3++ Lawin  

 DeepLab V3++ Lawin 
(%) 111  112  111  112  

IoU (TIoU) 41.22 49.24 42.57 46.70 
WIoU 46.53 49.74 67.73 70.05 
MIoU 70.43 74.56 71.18 73.26 

OA 99.63 99.88 99.80 99.82 
MUA 76.88 83.26 80.49 81.68 
MPA 81.71 82.67 79.15 81.90 

R 63.64 65.40 58.40 63.89 
P 53.91 66.59 61.09 63.45 

Kappa 58.19 65.93 59.61 63.57 
F1 58.39 65.99 59.71 63.67 
OE 36.36 34.60 52.79 49.52 
CE 46.09 33.41 38.91 36.55 

 
4-9

1
2 50% CE (Commission Error)  

4-10

Lawin OE 50% CE
36.55% Deeplab V3++

OE 34.6%
CE 33.41% Deeplab V3++ CE OE

Lawin  
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4-10 Lawin  
 1 2 3 

 

   

 

   

DeepLab V3++ 
 

   

DeepLab V3++ 
OE

CE 

   

Lawin 
 

   

Lawin 
OE

CE 
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 4 5 6 

 

   

 

   

DeepLab V3++ 
 

   

DeepLab V3++ 
OE

CE 

   

Lawin 
 

   

Lawin 
OE

CE 
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 7 8 6 

 

   

 

   

DeepLab V3++ 
 

   

DeepLab V3++ 
OE

CE 
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Lawin 
 

   

Lawin 
OE

CE 

   

 
DeepLab V3++

Lawin

 DeepLab V3++ 

 DeepLab V3++
Lawin Lawin 

DeepLab V3++ Lawin
 

(4) CRF(Conditional Random Field) 
(CRF) Lawin AI ( )

4.6 AI CRF
CRF

2 AI CRF
3 1

CRF
CRF  
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4.6 CRF  

: AI CRF  

2.  

(1) K-Means +  

K-Means
4.7 2D K-Means

K-Means Silhouette 
Score  
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4.7 K-Means ( )  

4.7 3
4.8 3

3
 

 
4.8  
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3
1) 80 2) 70 3)

2 15 88 4.8 3
3

 
 

(2)  

1
(DFS: Depth-First Search)
4.9

1

4.10
K-Means

2
 

 
4.9  
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4.10  

(3)  
GIS 105 2 6 6.6

86 24 ( 40 )
( 4.11~ 4.18)

 

 
4.11  

 

40 
1.80 

3.0 

 

 

40
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4.12  

 

 
4.13  

 

 
4.14  

 

40 
1.80 

3.0 

 

 

40
 

40 
1.80  

 

40 
1.80  
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4.15  PC  

 

 
4.16  

 

40 
1.80 

 

40 
1.80  

 

 
40 

1.80 
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4.17 (1) 

 
4.18 (2) 

(4)  

2D
2 1) K-Means + 

2) PCA
 

1)
: 45 135 225 315
±25 2) : 

1 cm

DERU E 4 E
4 E : 

(a) (E1): X-Y  /    

(b) (E2): *10cm /  

40 
1.80  

 

40 
1.80  

40
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(c) (E3): *20cm /  

(d) (E4): *30cm /  

( 4-11~ 4-21)
 

4-11 86 24 (1) 

 

 
 

 

 
: 3 

: : 92.11  / : 68.20  / : 92.11  

  
     

2.58% 0.8% 1.83% 2.41% 
E  1 1 1 1 
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4-12 86 24 (2) 
 

 
 

 

 
: 2 

: : 120.23 / : 85.78  

  
     

1.27% 0.60% 1.19% 1.79% 
E  1 1 1 1 

4-13 86 24 (3) 

 

 
 

 

 
: 1 

:  54.84  

 
 

 
    

2.69% 0.29% 0.58% 0.87% 
E  1 1 1 1 
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4-14 86 24 (4) 

 

 
 

 

 
: 1 

:  149.06  

  
     

8.97% 0.91% 1.82% 2.74% 
E  1 1 1 1 

 
4-15 86 24 (5) 

 

 
 

 

 
: 1 

:  106.88  
 

  
     

1.38% 0.26% 0.53% 0.79% 
E  1 1 1 1 
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4-16 86 24 (6) 

 

 
 

 

 
: 1 

:  149.06  

  
     

0.34% 0.20% 0.40% 0.60% 
E  1 1 1 1 
 

4-17 86 24 (7) 

 

 
 

 

 
: 1 

:  161.02  

  
     

1.66% 0.28% 0.57% 0.85% 
E  1 1 1 1 
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4-18 86 24 (8) 

 

 
 

 

 
: 1 

:  175.08  

 
 

 
    

1.59% 0.42% 0.85% 1.27% 
E  1 1 1 1 

4-19 86 24 (9) 

 

 
 

 

 
: 1 

: 87.19  

 
 

 
    

0.34% 0.18% 0.36% 0.54% 
E  1 1 1 1 
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4-20 86 24 (10) 

 

 
 

 

 
: 1 

:  2.11  

  
     

0.34% 0.18% 0.36% 0.54% 
E  1 1 1 1 

 
4-21 86 24 (11) 

 

 
 

 

 
: 1 

:  175.08  

 
 

 
    

0.45% 0.74% 1.48% 2.22% 
E  1 1 1 1 
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: 1) 
2) 

3)

 

(
3) DERU APP

 

3.  AI  

AI-IBBIS 6  
(1)  

a. ( / /
)  

b. SketchUp 3D (2mx2m or 50cm x 50cm)  

(2)  
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a.  

b. AI ( )  

c. AI DERU  

(3)  

a. 3D /2D AI
( / )  

b. DERU DERU  

(4) APP  

a. ( 4.20) 
 

 
 AI

AI
 

b. ( 4.21) 
 1 1

 
 

 

c. ( 4.22) 
  
 “ ” AI

 
 AI

 

d. ( 4.23) 
 

 
 3D

2D AI
4.24 3D 3 2D
4.25  
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AI-IBBIS
4.19  

 
4.19  

e. DERU ” DERU
”  

(5) DERU ( 4.26) 

a. DERU( )
DERU  

b. EXCEL
Office  

 
4.20  



 

107 

 

 
4.21  

 
4.22  
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4.23  

 
4.24 3D 2D  
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4.25 3D 2D  

 
4.26 DERU  
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4.2  3D  

3 3D
 

1.  

P3~P4 3D
P2~P5 3 140 4.27 /

3.3 20~40 1
/ 180 7 21

RTK
( 4.28)  

 
4.27 /  

/ 4.29
1 4 1 UWB ( 4.30)

RTK GDOP
RTK RTK

Trimble SET530R ( 4.31) RTK
 

UWB UWB
RTK

UWB ( 4.32) RTK
UWB UWB

P2 P3 P4 P5 
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UWB
UWB  

 

    
4.28 RTK /  

 
4.29 RTK /  

 
4.30 UWB  
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4.31  

 
4.32 UWB RTK  

2.  

Riegl vz-400 ( 4.33) 3D
PCI

3 9 9
1 4.34  

PCI
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4.33  

 
4.34 ( ) 

3.  

3D
Sony A7R2 24mm 4

1,269 3.23
3D 4.35

12 2.2 mm  
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4.35 ( ) 

4.  

2023 6 20 30
959+148 Autel Robotics EVO II Pro 6K  FOV 64

5472x3658 2.4 10.57 mm
2

2.6 mm 6 30
4.37

 

  
4.36  

 
4.37 ( ) 
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5. 3D  

4.38 9 4.39 Sony A7R2
4.40 Autel XT705

3
45,620,008

Sony A7R2 322,568,776 Autel XT705 81,471,057 3
Sony 

A7R2 42MP 2

 

 
4.38 ( ) 

 
4.39 Sony A7R2  
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4.40 Autel XT705  

6. 3D  

5 3D 4.41 3
4 3D 50cm 2m

1 Surface
2D  

 

 
4.41 3 3D  
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4.3    

1.  

Y6 1200 mm
TD-Y6B-1200( 4.42~ 4.44 4-22) 5 kg

15 kg Y6 5
MIT Pixhawk TD-H7CPO

(Autopilot) (Companion Computer) ( Intel 
NUC) 4.43( Intel® RealSense™ D455 iWave 
UWB  RTK Module) GNSS

3 Wi-Fi/ RFD900x / 4G LTE 4G 
(

)  
Y6 SONY α7R IV

50 mm (Voigtlander 50mm F1.2 ASPH VE)
 

 
4.42 TD-Y6B-1200  

 
4.43 iWave UWB  
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                                             4-22 TD-Y6B-1200            
 
 

                                                                                       

 
4.44 TD-Y6B-1200  

               
 

 
 

 
4.45 TD-Y6B-1200  

4.45  1200 mm
 3.1 m 4-23

4.46 4.47  

 Y6B-1200 

 Y6  

 1200 mm 

 390 mm 

 15  

 ( ) 1325 x 420  mm 

 ( ) 1236 x 1197  mm 

 22000 mAh x 2 

 
MN705-S KV125 

CFProp 28*9.2 
ALPHA 80A 12S 

 
4G LTE + Wi-Fi + 

RFD900x 
 12.4 kg 
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4-23 SONY α7R IV 50 mm  

SONY α7R IV  Voigtlander 50mm F1.2 ASPH VE 

  
6100 (9,504x6,336) 

 4K 30p (3,840x2,160) 
35mm (35.7x23.8mm) 

Exmor R CMOS  
1/8000-30s 10 fps 

ISO 100-32,000 
W128.9*H95.4*D77.5 mm 

5  
4D Focus 

UHS-II 
JPEG RAW  0-40 C 665 g 

1.2-22 
6 8  

47.5o 
0.45 m 

70.1 mm 58.8mm 
58 mm 

434 g 
Exif 

5  

 

 
4.46 SONY α7R IV  

 
4.47 Voigtlander 50mm F1.2  

2. GNSS  

(1) GRVINS  
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GRVINS

 
(2) iWave UWB  

112 iWave UWB( 4.48) Nooploop
Pozxy iWave UWB  
a. UWB 
b.  < 20 cm 
c.  600 m 
d.  https://www.iWavenology.com/product/iposition 

20m x 50m( 4.49) 40m x 
100m( 4.51) 4 A1~A4 A1
(0,0,0) A2, A3, A4 3 ( 4-24

4-26) 4 Z 0
1 4

250
10 25

4.50 4.52
4

iWave UWB  
 

 
4.48 iWave UWB  
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4.49 4   (50*20 m ) 

4-24  (50*20 m ) 

 A2 A3 A4 
 X Y Z X Y Z X Y Z 
 50.05 0.00 0.00 50.12 21.28 0.00 0.10 21.43 0.00 
 50.09 0.00 0.00 50.15 21.29 0.00 0.13 21.45 0.00 
 50.12 0.00 0.00 50.18 21.30 0.00 0.16 21.48 0.00 
 50.08 0.00 0.00 50.15 21.29 0.00 0.13 21.45 0.00 
 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 
 0.02 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 

: m 

4-25 4 250 (50*20 m ) 
 X=0, Y=10.5 X=20, Y=10.5 X=30, Y=10.5 

 X Y Z X Y Z X Y Z 

 0.09  10.64  0.82  20.06  10.70  2.16  30.05  10.58  1.58  

 0.12  10.73  1.47  20.08  10.75  2.37  30.07  10.90  1.88  

 0.16  10.81  1.98  20.12  10.81  2.64  30.10  10.96  3.12  

 0.12  10.73  1.45  20.09  10.75  2.38  30.07  10.88  1.94  

 0.01  0.02  0.15  0.01  0.02  0.08  0.01  0.04  0.15  

 0.01  0.03  0.19  0.01  0.02  0.09  0.01  0.06  0.24  

: m 

 
4.50 (50*20 m) 
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4.51 4 (100*40 m ) 

4-26 (100*40 m )  

 A2 A3 A4 
 X Y Z X Y Z X Y Z 
 100.06 0.00 0.00 100.27 41.47 0.00 -0.06 40.03 0.00 
 100.10 0.00 0.00 100.31 41.49 0.00 -0.02 40.06 0.00 
 100.14 0.00 0.00 100.36 41.52 0.00 0.01 40.08 0.00 
 100.10 0.00 0.00 100.31 41.49 0.00 -0.02 40.06 0.00 
 0.02 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 
 0.02 0.00 0.00 0.02 0.01 0.00 0.01 0.01 0.00 

   : m 

   
4.52 100*40 m  

(3) 3 UWB  
3 UWB 4.53

4.54 4 UWB
4.55 7.2m x 4.2m

UWB 2.3m x 3.1m( ) ( 4.56)  
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4.53 Nooploop Pozyx  

 
4.54 iWave  

 
4.55 7.2 m x 4.2 m  

 
4.56 2.3 m x 3.1 m  
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a.Nooploop  
4.57 Nooploop UWB

4 - UWB 2 RSSI
2 RSSI 0~6

UWB
UWB  50 Hz  25 Hz

 

 
4.57 Nooploop  

b.Pozyx  
4.58 Pozxy UWB

Nooploop 4
- UWB RSSI

RSSI
13 Hz UWB RSSI

 
 

                   



 

125 

 

 
4.58 Pozyx  

c.iWave  
4.59 iWave UWB

GRVINS Nooploop
4 -

UWB
RSSI 25 Hz RSSI

UWB

(
40 )  

 
4.59 iWave  
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d.  
iWave Nooploop UWB

4.60 4.61 -
iWave UWB

 
 

 
4.60 iWave Nooploop UWB  

 
4.61  

iWave 
Nooploop 
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(4) iWave UWB   
3 ( ) 4

UWB iWave UWB ( 4.62)
 

4.63 4.64 iWave UWB (
) 4 UWB RSSI

80 (
) iWave UWB  

 

 
4.62 iWave UWB  

 
4.63 iWave UWB ( ) 
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4.64 iWave UWB ( ) 

 
(5) iWave UWB 3  

UWB 2
3 UWB 1

UWB
( 4.65) RTK 

Float 3 0 (m) 22(m) 46(m)
4.66  

 

 
4.65 3  

UWB (%)  
 UWB  0 :  98.34% 
 UWB  2 :  99.52% 
 UWB  3 :  89.82% 
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4.66 3  

IMU 3 UWB
GRVINS ( 4.67~

72)  
a.  + I MU vs. RTK Float  

      ( ) (m)   X :  1.0323 ;  0.9374 

                                 Y : -0.1526 ;  0.1989 

                                 Z : -0.0595 ;  0.1086 

 
4.67 + I MU RTK Float  
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4.68 + I MU RTK Float  

 
b.  + IMU + UWB vs. RTK Float 

      ( ) (m)  X :  0.1075 ;  0.0778 

                                Y :  0.0345 ;  0.1409 

                                Z : -0.0253 ;  0.1119 

 
4.69 +IMU+UWB RTK Float  
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4.70 + IMU+UWB RTK Float  

c.  + IMU + UWB + GPS vs. RTK Float 
      ( ) (m)  X :  0.0891 ;  0.1215 
                                Y : -0.0054 ;  0.1601 
                                Z : -0.0538 ;  0.1140 

 
4.71 +IMU+UWB+GPS RTK Float  
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4.72 +IMU+UWB+GPS RTK Float  

(6) iWave UWB  
( 4.73)

UWB( 4.74)
4.32  

  
4.73 iWave UWB  
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 UWB 0              UWB 1           UWB 2         UWB 3 

4.74 UWB 

3.  

3 ( )P2~P5
3D 4

15 13

 
3 P3 P4 S4

7
( 4.75 4.76): 

 
4.75  (1) 

(1)  1 : (S4G1) 
(2)  2 : (S4G2) 
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(3)  3 : (S4G1  S4G2  S4B2 S4B3) 
(4)  4 :  (S4B2 S4B3)  

 
4.76  (2) 

(5)  5 : (S3B1 S4B1 S5B1 S3G1 S4G1 S5G1) 
(6)  6 : (S3B4 S4B4 S5B4 S3G2 S4G2 S5G2) 
(7)  7 : (P3-1 P3-2 PC3-1 PC3-2 P4-1 P4-2 PC4-1

PC4-2) 
: 

(1) : 1- (S4G1) 
a.  : 345° 
b. :331.5m (25.5*13)( ) 
c.  : 85°  
d. 4.77~ 4.79 

 
4.77 (S4G1)  
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4.78 (S4G1)GRVINS iWave UWB  

 

 
4.79 (S4G1)  

 
(2) : 2- (S4G2) 

a. :345° 
b. :331.5 m (25.5*13)( ) 
c. :85°  
d. 4.80~ 4.82 
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4.80 (S4G2)  

 

 
4.81 (S4G2) GRVINS iWave UWB  

 

 
4.82 (S4G2)  



 

137 

 

(3) .1 : 3-  (1) (S4G1 & S4B2) 
a.  : 77° 
b.  : 153m (25.5*6) 
c.  : 45° ~ 81°(step by 9°) 
  85° 
d. 4.83~ 4.85 

  
4.83 (1)(S4G1&S4B2)  

 
4.84 (1)(S4G &S4B2)GRVINS iWave UWB  

 
4.85 (1)(S4G1&S4B2)  
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(3).2 : 3-  (2) (S4G2 & S4B3) 
a.  : 260° 
b.  : 153 m (25.5*6)   
c.  : 45° ~ 81° (step by 9°) 85° 
d. 4.86~ 4.88 
 

  
4.86 (2)(S4G2&S4B3)  

 
4.87 (2)(S4G2&S4B3)GRVINS iWave UWB  

 
4.88 (2)(S4G &S4B3)  
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(4) .1 : 4- (1) (S4B2 & S4B3) 
a.  : 345 ° 
b.  : 60m (10*6) 
c.  : 45° ~ 81° (step by 9° ) 85 
d. 4.89~ 4.91 

 
4.89 (1)(S4B2&S4B3)  

 
4.90 (1)(S4B2&S4B3) GRVINS iWave UWB  

 
4.91 (1)(S4B2&S4B3)  
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(4).2 :  4 - (2) (S4B2 & S4B3) 
a.  : 166° 
b.  : 60m (10*6) 
c.  : 45°~ 81°(step by 9°) 85° 
d. 4.92~ 4.94 

 
4.92 (2)(S4B2&S4B3)  

 
4.93 (2) (S4B2&S4B3) GRVINS iWave UWB  

 
4.94 (2)(S4B2 & S4B3)  
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(5) : 5- (S4G1&S4B1) 
a.  : 260° 
b.  : 287.8 m (47.4*5+25.4*2) ( 3

) 
c.  : 36° ~72° (step by 9°) 75° 80° 
d. 4.95~ 4.96 

  
4.95 (S4G1&S4B1)  

 
4.96 (S4G1&S4B1)  

(6) : 6- (S4G2&S4B4) 
a.  : 77° 
b.  : 287.8m (47.4*5+25.4*2) (

) 
c.  : 36° ~ 72° (step by 9°) 75°

80° 
d. 4.97~ 4.100 
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4.97 (S4G2&S4B4) (1) 

 
4.98 (S4G2&S4B4) (2) 

 
4.99 (S4G2&S4B4) GRVINS iWave UWB  

 
4.100 (S4G2&S4B4)  



 

143 

 

(7) .1 : 7-  (1) (P3-1 PC3-1 P3-2 PC3-2) 
a.  : 345° 
b.  : 168m (6*3*2+6*11*2) 
c.  : 0° ~ 81° (step by 9°) 85°   
d. 4.101~

4.105 

   
4.101 (1)(P3-1 PC3-1 P3-2 PC3-2)  

 
4.102 (1)(P3-1 PC3-1 P3-2 PC3-2) GRVINS iWave UWB (1) 

 
4.103 (1)(P3-1 PC3-1 P3-2 PC3-2) (1) 
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4.104 (1)(P3-1 PC3-1 P3-2 PC3-2) GRVINS iWave UWB (2) 

 
4.105 (1)(P3-1 PC3-1 P3-2 PC3-2) (2) 

(7).2 : 7-  (2) (P4-1 PC4-1 P4-2 PC4-2) 
a.  : 166° 
b.  : 168m (6*3*2+6*11*2) 
c.  : 0° ~ 81° (step by 9°) 85°  
d. 4.106~ 4.110 

 
 

  
4.106 (2)(P4-1 PC4-1 P4-2 PC4-2)  
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4.107 (2)(P4-1 PC4-1 P4-2 PC4-2) GRVINS iWave UWB (1) 

 
4.108 (2)(P4-1 PC4-1 P4-2 PC4-2) (1) 

 
4.109 (2) (P4-1 PC4-1 P4-2 PC4-2) GRVINS iWave UWB (2) 
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4.110 (2)(P4-1 PC4-1 P4-2 PC4-2) (2) 

(8)  
AI

( 4.111)
EXIF ( 4.112)

( 4.113)  

 
4.111  

 
4.112  
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4.113  

4-27 9 23 11 28
9 23 1 EXIF

3 UWB
SfM 50

( 4-27) 1

220 10,010
11 20 3

 
4-27  

     
9/23 2 702 S4G1 UWB,  
9/26 1 270 S4G2 UWB 
9/27 2 486 S4G2 UWB 
10/17 2 412 S3G1,S4G1,S5G1,S3B1,S4B1,S5B1 UWB 
10/18 4 647 S4G2,S4G1,S4B3,S4B2 UWB 
10/20 6 659 S4G2,S4G1,P3,P4,PC3,PC4 UWB 
10/24 3 450 S4G2,S4G1,S4B3,S4B2 UWB 
10/25 6 1086 S4G2,S4G1,S4B2,PC3-1,PC4-2 UWB 
10/26 4 998 S5G2,S4G2,S4B5,S4B3,S4B2,S3G2 UWB 
11/14 2 420 P4-1,P4-2 UWB 

11/15 7 1396 
P3-1,P3-2,P4-1,P4-2,PC3-1,PC3-

2,PC4-1, 
PC4-2,S3G1,S3G2,S5G1,S5G2 

UWB 

11/23 5 1108 P3-1,P3-2,P4-1,P4-2,PC4-1,PC4-
2,S5G2 UWB 

11/27 1 232 P3-2,PC3-2,S4G2 UWB 
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11/28 6 1144 P3-2,P4-2,PC3-2,PC4-
2,S3B1,S4B1,S4G2 UWB 

 51 10,010   

Y6B1200 (
) 3D

SfM ( )
( ) 4.114  

 

  

 
4.114 3D ( ) ( ) 

(9)  
GRVINS

SfM SfM Sony
3D ( )

 (Ground Truth) GRVINS
4.115~ 4.124
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a. 1(9/26) 

 
4.115 1(9/26) GRVINS SfM  

 
4.116 1GRVINS SfM  
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b. 1(9/27) 

 
4.117 1(9/27) GRVINS SfM  

 
4.118 1(9/27) GRVINS SfM  

 



 

151 

 

c. 2(9/27) 

 
4.119 2 (9/27)GRVINS SfM  

 
4.120 2(9/27) GRVINS SfM  
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d. 6(10/17) 

 
4.121 6(10/17) GRVINS SfM  

 

 
4.122 6(10/17) GRVINS SfM  
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e. 7(10/17) 

 
4.123 7(10/17)GRVINS SfM  

 
4.124 7(10/17) GRVINS SfM  
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4. GRVINS : 

(1) : 
a. P3 PC3  
b.  
c.  
d. P4 PC4  

(2)  
a.  10 cm  

(3)  
a.  20 cm  

4.4   

AI Deeplab V3++ Lawin
Deeplab V3++

Lawin + CRF
Deeplab V3++

Lawin
CRF (Deeplab V3++ CRF)

3D  

1.  

2
4.125 4.126 ( )

 

 
4.125  
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4.126  

2. AI-  

Metashape S4G1 S4G2
0.2mm 35m x 7m

182,250 x 10500 QGIS
GIS AI-IBBIS

Deeplab V3++
4.127 4.128  

2 :(1)
AI S4G2

(2)

AI
(3) AI-IBBIS

Metashape
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(1)S4G1 

 
4.127 S4G1  

:( ) ( )AI-IBBIS  

(2)S4G2 

 

 
4.128 S4G2  

: ( ) ( )AI-IBBIS  

3. /  

4.129 2 3D ( Autel UAV 
Sony A7R2+24mm )

Lawin 3D 2 3D Zoom In/Out
2

 
 



 

157 

 

 
4.129 3D  

4. (S4G2) 3D AI  

4.130  

 
4.130 S4G2 3D  

5. (S4G2) 2D AI

 

2D ( 4.131)
( 4.132)

DERU  
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4.131  

 
4.132 DERU 

6. AI

 

4.129 0.2~0.3 
mm  3~4 mm

DERU 3~4mm

GSD 0.5mm  1mm Lawin
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4.133
4.129 AI

 

 
4.133  

:( ) GSD 1mm  ( )GSD 0.5mm 

7. AI-IBBIS DERU  

( ) DERU 20
60 3

DERU 4.134~ 4.136  
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4.134 S4G2-0 DERU  

 

 
4.135 S4G2-1 DERU  
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4.136 S4G2-2 DERU  

8. AI-IBBIS DERU  EXCEL

4.37 Excel CSV XML

 

 
4.137 AI-IBBIS Excel  
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9.  

Deeplab V3++ : 
(1) 4.138~ 4.140

 
(2) 4.141 4.142 P4-1

P3-2  
(3) 4.143 PC4-1

 
(4) AI

1 (
) S4G2

 
 

 
4.138 S4B1  



 

163 

 

 
4.139 S4B2  

 

 
4.140 S4B4  
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4.141 P4-1  

 

 
4.142 P3-2  
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4.143 P3-2  

 

 
4.144 PC4-1  
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.145 PC4-1  
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10.  

4.133( )
GSD 1mm AI Lawin+CRF 4.146

4.147

4.148
 

 
4.146  

 

 
4.147  



 

168 

 

  

 
4.148  

4.5   

112 11 7 8

UWB

8  
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1.  

2023 3 13 4 14 8
4 4.149 4.156

4-28
3

10
 

  
4.149 - 1  

 

  
4.150 - 3  
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4.151 - 3  

 

  

 
4.152 - 3  
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4.153 - 1  

 

  
4.154 - 3  

 

  
4.155 - 1 8  
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4.156 - 3 ( ) 

4-28  
/

/    ( )      

1
 

 
(PCI ) 

 
 

 

5.5

 

500m

20
 

 
P2-1(S) P2-

2(S)  
P1-1(S) P1-

2(S)  

 
P2-1(N) P2-

2(N)  
P1-1(N) P1-

2(N)    

3

(PCI )  
 

 
 

15.6

 

20  

2023

6m 
  

 

1
8

 
(

) 

 
 

 

28

30
 

2024   

 

3

 
(

) 

 
 

 
21.2

20
 

40  

4
12m

25m

5/15
 

3

5/15   

 

1

(PCI ) 
 

 
 

14
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3

 
(

) 

 
 

 
32
 

15

 
  

 

 

3

 
(

) 

 
 

 
30
 

1~2

20
 

3 4

200
 

3 4

200
 

 

 
3

 
(

) 

 
 

 

29

 
10

 

 

 50-70   

 
  

2.  

112 11 7 3 -
AI

( 4-29)

( )  
  



 

174 

 

4-29  
  /  

13:30~14:20              
14:20~14:25   

 
14:25~14:30   

 
14:30~14:35 AI

   
14:35~14:50 AI

 
 

 
14:50-14:55 

 
 

14:55~15:10   
 

15:10~15:40   /   
15:40~16:00 Q&A  

 
 

16:00  
 
 

(1)  

( )

165
( 4.157~ 4.158)  

 
4.157 ( )  
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4.158 ( )  

 

(2)  

( 4.159~ 4.160)

 

 
4.159  
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4.160  

(3)  

4.161~ 4.162  ( ) 
 

 
4.161  

 
4.162  



 

177 

 

(4) 4.163~ 4.166  

 
4.163   

 
4.164  

 

 
4.165   
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4.166  

 

4.6   

1.  

(1) PCI
 

(2) Sony ILX-LR1 6,100 243g
 

(3) 
 

(4)  
(5) (

..)  
(6)  
(7) UWB  

2. AI  

112 3

AI
(1)

(2) (3)

UAV GSD 0.2-0.3 mm
UAV
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(Fine-tune) AI
(GAN)

AI  

3. AI-IBBIS  

AI

3D 2D
AI 3D 2D

AI
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181 

 

   

 
AI (111~112 )

111 AI
(1. 2. 3. / 4. 5. 6. ) (1.

2. 3. ) 112

AI  
 

5.1   

1.  
(1) 3D

90%

 
(2) Deeplab V3++ AI 35%

12%~25%  
(3) 20  
(4) 1 11

3 20  
2. AI Deeplab v3++

Deeplab v3++ IoU
8.02% 13.92% 5.57% 8.20% 7.21% OE/CE

1.76/13.49% 12.15/8.38% 1.77/5.55% 1.48/14.04% 4.09/6.19% Lawin
IoU 4.13%

Lawin
DeepLab v3++

IoU 49.24% 71.69% 77.17% 64.25% 71.38% 65.88%
Lawin  
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3. TD-Y6B-
1200 3D

SfM 20
GRVINS RTK+IMU+VIO+UWB GNSS

 
4. 

3D
AI

DERU APP
AI

3D 3D 2D
AI DERU

Excel
1 1~2 1

 
5. 

SONY ILX-LR1 UAV
6,100 243g

 
 

5.2   

1. (1) (2)
(3) (4) Lawin

2,370 12,410  
2. 

UAV GSD
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0.2-0.3 mm UAV

(Fine-tune) AI
(GAN) AI

 
3. AI

 
4. 
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