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Integration of Image-Based Object Identification and Distance
Estimation Algorithm for the Application of Self-Driving FOT
(Field Operational Test) System
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Abstract Camera sensors are used widely for recognition because they have a lower unit price than other
sensors of the same specifications and can collect data in a form similar to the information acquired
by the human eye. Many studies have been conducted to apply camera sensors to autonomous vehicles.
For camera-based self-driving, object information and distance information from a counterpart object
are included, and de-identification of personal information of collected data is required. Therefore, in
this study, the algorithm was integrated to perform image-based object identification and distance
discrimination through one-off deep learning. Eleven major objects in the road environment, such as
vehicle license plates, pedestrians, and vehicles, were defined, and a learning dataset was constructed
by collecting actual road driving image data. The integrated algorithm was verified using image data
from the driver's perspective and CCTV perspective collected from the Daegu FOT (Field Operational
Test) section to verify the results of artificial intelligence learning suitable for the road environment.
After verifying the integrated algorithm, preliminary confirmation was performed to apply the integrated
algorithm to the autonomous vehicle platform and the autonomous driving control center.
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Identification, Distance Estimation
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Table 1. The number of objects in the proposed dataset

No. Class Quantity Ratio (%)
1 numberPlate 10,078 23.5
2 person 2,073 4.8
3 car 15,654 36.5
4 motorcycle 468 1.1
5 bus 785 1.8
6 bigTruck 879 2.1
7 smallTruck 1,499 3.5
8 trafficLight 2,649 6.2
9 trafficSign 4,285 10.0
10 face 3,813 8.9
11 crosswalk 693 1.6

Total 42,876 100.0

444

3. YTYZ S8 Y © Ad A5
Q7oA A 71ure] X A, A W, )

om—m HlApgslol g QA g B Sue 99

7 guelEe stz sy, 4 duese of

St et

3.1 2 A gTE

g =
£ Ao 94 716 A 9141 gt g 2
HEQIZE YOLOS} SSDE AAstgow, +dst &
&Y AA T2 49 e R} &84 TS
fAsl Aol et 115:2] AAof gt | 232 3
ofgt. A9l Z¥A AHEQ} 2D Bounding Box9
Tiins Ymin» Wpors Mppo.”t BILE T 7HIOR
T== YOLOY FA4utdalk= &2, SSDY] F4utd
2 2D Boudning Box9] 47§ A9 3t fdE
g, Uy 59 wet E7F XML 7|Hkez Aok
2 AN 53 gk HolEAlE F WEYA &
AotA ShEAIE 5= IET 7 YEA] AP JH
Q1 FATLS Asto] om|R] Holelet T ShEZ
Sl =

£ dAqolMe A s 2337 qh
A9 HAMEaE EIelY, 27t numberPlate2}
face® A& EF5IATh AkAA 2HE- Q1Yo gt o
A} glolBl: face® EFSlo], upAS mZhg 01919] oF
W FEe} FHA HAEE} A2 E sl

)

JR LN

Ao gt 7iRl

(b)
Fig. 1. Sample image before/after annotation

(a) Raw data before annotation
(b) Annotated data with 2D bounding boxes
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Fig. 2. Principle of the distance estimation algorithm
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Where,

camera sensor and the real SUV, h denotes the

M

y denotes the distance between the

height(pixel) of the car in the image.

0.777

= 596.042" 2

y denotes the distance between the

YSedan
Where,
camera sensor and the real Sedan, h denotes the

height(pixel) of the car in the image.
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Fig. 4. Data collection sections for verification

Table 2. Verification result of object identification

Data Point of View (IdentifiedA(:;lercatq/f ElL:Ao)tal object)
clip 1 CCTV 93
clip 2 Driver 95
clip 3 Driver 99
clip 4 CCTV 91
clip 5 Driver 100
Average 95.6
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Fig. 5. Result of the proposed algorithm

Table 3. Verification result of distance estimation

Real distance (m) Estimated distance (m) Error (m)
3 4 +1
5 7 +2
10 12 +2
20 23 +3
30 35 +5
40 39 -1
MSE 7.33 %)
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Table 4. Car systems for algorithm verification

Car type Sensor composition
- LiDAR (5ea)
- Radar (3ea)
- Camera (3ea)
- IMU/GPS (lea)
- OBU (lea)
Mini
Bus
- LiDAR (5ea)
- Radar (3ea)
- Camera (3ea)
- GPS (lea)
- OBU (lea)
compact Lidar
sedan [+
Lidar .\\ GPS % idar
- v>} Camera o0 .
/ <
Radar :/ = 5G/WAVE
I Radar ¥Y2X
- 3 Lidar
- LiDAR (5ea)
- Radar (3ea)
- Camera (3ea)
- GPS (lea)
- OBU (lea)
full-size Lidar
sedan [
;_a‘\ Radar
idar \ GPS = — % | idar
r 5—/} Camera O _Ld
S L B
) Radar
Lidar S5 cidar

Fig. 63} o] ti7- 23 AF5711o] EAd =fo]
o AA71, dlels SR AV, 9 2T 44
7l 59 % =} AlAdogRE dAoR k2
S RS AFor AT =2 ARE BAShke A
S5 TANY EIF 59 GarElEe A8t A5}
Ak @7 CCTVE I ¥ dlolge] & A+ S
aEEe AEsto] A9 AE, A 34, MAYE
vt He)7t 7k HlolE7t AeFa wAAIEC
BEEHS IRIRICH, olg 7IE Y LT A
71| Hlolee} vla Bl HISH

(b
Fig. 6. Autonomous driving monitoring system
configuration

(a) Event information and vehicle driving information
(b) Video monitoring and statistical analysis function
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