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ABSTRACT

 

REAL-TIME OBJECT IDENTIFICATION AND DISTANCE ESTIMATION SYSTEM DESIGN AND 

APPLICATION FOR AUTONOMOUS VEHICLES 

 

With the technological developments in today's world, products that provide convenience 

and time to people are being developed in all areas of our lives. In the automotive industry, on the 

other hand, driver support systems that recognize objects and even make decisions in emergency 

situations are being developed for the protection of people and living/inanimate objects in the 

environment. The main purpose of these systems is to improve and eliminate possible human 

errors, as well as to create the infrastructure of unmanned vehicles. These systems can consist of 

a combination of complex sensors, or they can be created from only camera-based systems. 

Since microwave radars hit a surface and work based on the back reflection principle, it 

has been observed that the vehicle in front is prone to error, except that it is a passenger car style. 

In addition, this system tends to malfunction on uneven and sloping surfaces, and in extremely 

cold and hot weather. 

In this study, a deep learning based embedded system distance estimation prototype was 

prepared by using two cameras instead of microwave radar in front of some vehicles. This 

prototype was first tested with the edge detection algorithm, then measurement estimates were 

taken with toy cars at different distances on a cm basis. In addition, camera noise and calibration 

errors were processed and the most optimum values were determined and the image definition 

part with YOLO was added. The most recent values were made with real cars with YOLO's frame 

calculation. According to the results obtained, studies have shown that the Jetson Nano platform 

is very inadequate in real-time object identification and distance estimation. It has been fixed by 

data that it cannot be used in any vehicle while driving at a processing speed of 5 frames per 

second in real life. In addition, in the measurement study between 150~1500 cm, it was 

concluded that it is not scalable since the error rates were calculated as ~0.15% at 500 cm and 

~90.5% at 1100 cm. In the light of these results, other methods have been recommended in the 

recommendations section. 

 

Keywords: Deep learning, Image processing, Stereo vision, Distance estimation 

 

Advisor: , Department of Computer Engineering, University of 

Mersin, Mersin. 
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1.1
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girdilerden 
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1.2.  [4] 
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verilebilir [5,6]: 
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2.

 

, 

 

kurallar  

 

 

2.1.  

 

2.1.1.  

 

Dr. Mahdi Rezaei 

 [7]. S  

 durma . 

Algoritma  

Haar benzeri [8,9,10] 

sunu  [11].  algoritma 

 [12]. 

 

2.1.1.1.  

 

 i  ya 

maliyetlerine gereksinim duyar. Bu durum , 

 neden olmaktad . 
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2.1. Yeni Tip Haar [7]

,n

n zaman hizalama, veri 

ve benzeri ereksizdir. Yeni AGHaar 

d pit etmek, 

nda

-Shafer [13

-

-

-

bilir 

[14 -

-S teor
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-

veri birl

atan r

. Bu, 

sahip olunur, ancak 

her ikisinin bir kombinasyonuna sahip olunmaz

bir durumda, D-S teorisine day

[7].

2.2. [7].

2.1.1.2.

dikleri -

unda elde 

ettikleri
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temsil eder [7]. Bu temsiller 

melerini

ni ve ni 

.

2.3. [7].
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2.4. [7].

2.5. [7].
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 . Standart Haar,  ve 

15]. 

Tab  

beklentilerinden hala geridedir

hesaplama maliyetini de  [16,17]. 

 

Tablo 2.1.  

 LBP Standart Haar AGHaar VSD & D-S Fusion 

 Kesinlik  Kesinlik  Kesinlik  Kesinlik  
verisi 62.8 81.0 73.4 88.2 89.0 97.5 95.2 99.6 

Gece verisi 63.2 52.6 73.9 69.5 81.5 79.2 95.7 99.2 
 70.6 57.7 75.6 69.8 78.7 73.8 91.6 99.3 

Kar verisi 48.2 67.0 69.4 71.4 84.1 84.8 97.2 87.5 
Mesafe verisi 0 0 1.9 3.0 2.1 6.1 96.1 98.8 

a 
verisi 

54.4 57.4 
65.2 66.8 74.3 75.1 95.1 96.8 

 

2.1.2. 

 

 

bir 

18,19,20

21

[22

  23,24] gibi 
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2.1.2.1.

2.6

25]. 

2.6. Sistem mimarisi [26]

.7

tespit edileb

[26].

2.7. LED sinyalinin [26]

2.8'de

ir. S
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. Ai ve Bj 

edil . Daha sonra edij k filtre 

2 mesafesi EDk Me

[26].

2.8. [26]

2.1.2.2.

Tablo 2.2 de

edil . S

aha sonra 

hesaplan [26].

Tablo 2.2.

Parametre
2.4x3.6 mm^2
240 x 360 piksel
35 mm
10 cm

LED Boyutu 10 x 20 cm^2
16000 cd/cm^2
10 m~100 m
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2.9

rastgele artabilir veya 

saniye

2.9. Genel Performans [26]

2.10'de

.

2.10. [26].
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2.1.3.

 

Muhammad Abdul Haseeb  [27], engel tespit 

esafeyi tahmin etme 

projesi SMART [28] 

 Sunulan mesafe tahmin 

 [27]. 

 

2.1.3.1.  

 

 [29] 

nesnelere olan mesafelerin 

. Elde edilen 

.11'de 

29] COCO veri seti [30  e 

. 

kutu parametrelerini h

.11't

ilmektedir. 
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2.11. N

2.1.3.2.

2.12 ve 

2.13'te

2.3't

Tablo 2.3

Nesne
DisNet

2.12 100 m 101,89 m
2 99,44 m

2.13 1 50 m 54,26 m
2 150 m 167,59 m
3 100 m 132,26 m
4 300 m 338,51 m

DisNet tahmini. de e

ve 300 m'de 

.
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2.12.  

 

 

2.13.  

 

2.1.4. 

 

 

Yuxiang Guo 1], b

 

. 
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tahmin edilir. bir dizi yle 

e

uygulanma potansiyeline sahiptir [32]. 4

 

 

 

2.14.Kamera Konu  

 

2.1.4.1.  

 

 Bu 

. lgili kavramlardan, i -

 

 [32]. 

 [33]. 

5  
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2.15. PCA ve DCT Algoritma [32]

2.1.4.2.
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-

. 

 

 

a maliyeti hala ilgili. Bunun 

 

 

Tablo 2.4.  

  
1 % 74.13 
2 % 78.13 
3 % 80.12 
4 % 81.38 
Ortalama % 78.44 

 

2.1.5. 

Katedilen Mesafeyi Tahmin Etme 

 

Robin Kreuzig  [34] 

, bu problemin. h la

sorunun bahsedip, 

 r. Y

DistanceNet'leri  [35 - 38]. Modelin 

 

r. KITTI [39] , mesafe 

DistanceNet'leri cekteki klasik mono vSLAM/VO 

 [40]. 
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2.1.5.1.

 

2.1.5.1.1.  

 

   [40]: 

orch 1.0 

 

 

 

2.1.5.1.2.  

 

Geiger et al. [39

n  

tek dizi olan 01 dizisi 

 

. KITTI 

kleri e tam olarak 

. 

mektedir [40]. 

 

2.1.5.2.  

 

03, 04, 05, 06, 07 ve 10 olmak klasik 

Tablo 2.5 arak verilmi ir. 

-

performans sergiliyor ancak bu bir s

 -

 [40] 

istanceNet  

  

[40]. 
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Tablo 2.5. u [39]

Method RMSE Acc AccDev
ORB-SLAM-mono 7.4623 0.0221 0.0368
DSO-mono 7.3854 0.0241 0.0452
PMO 0.7463 0.7183 0.9633
DSO-stereo 0.0756 0.9387 1.0
SRNN 0.6754 0.6121 0.9667
SRNN-se 0.6526 0.5801 0.9727
SRNN-point 0.5234 0.6267 0.9822
SRNN-channel 0.5033 0.6487 0.9873
DistanceNet-FlowNetS 0.5544 0.6292 0.9752
DistanceNet-Reg 0.5315 0.6848 0.9855
DistanceNet-LSTM 0.4167 0.6871 0.9896
DistanceNet-BCE 0.3925 0.7158 0.9930
DistanceNet 0.3901 0.6984 0.9916

Tablo 2.6. [39]

Method RMSE Acc AccDev
GeoNet 6.2302 0.0306 0.0544
SfMLearner 7.5671 0.0216 0.0505
DistanceNet 0.4624 0.6669 0.9841

2.16. -channel ve PMO 

Pozitif hatalar 

[39].

2.16 Sekans 05 ve 07
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2.1.6.

 

Jiaxu Zhang 

-

 [41]. 

 

2.1.6.1.  

 

iki boyutlu 

1 ve x2 1) 

 

  

 

 

1 ve P2 parametrelerinin kalibre edilmesi gerekir ve kalibrasyon 

2.17'de 

. 

 

 

2.17 K  
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42

e ile hesaplan . 

D  (2)  (3). . 

 

Tablo 2.7. Parametreler 

Parametreler fx fy cx xy 
Sol Kamera 1083.08 1086.58 416.18 324.09 

Kamera 1092.60 1096.39 421.79 257.48 
 

 

 

 

 

2.1.6.2.  

 

-

 dijital kamera ve 3 milyon piksele 

2.18  

 

mesafeleri elde etmektir. 

 

 

2.18. Kameralar 
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projeksiyon matrisi P1, P2'yi denklem (1

4) (5

mesafe hesaplanabilir.  

 

 

 

 

-7,5 metre mesafedeki hareketli bir engel 

Tablo 2.8 de 

metinsel olarak Tablo 2.8 de ve grafiksel olarak 

  

 

Tablo 2.8  

  Hata/m  
4.5 4.311 0.189 4.20 
4.5 4.452 0.047 1.04 
4.5 4.101 0.398 8.84 
4.5 4.456 0.044 0.90 
4.5 4.374 0.126 2.80 
5.5 5.11 0.390 7.09 
5.5 5.756 -0.256 4.65 
5.5 5.271 0.229 4.16 
5.5 5.382 0.118 2.15 
5.5 5.264 0.236 4.29 
6.5 6.814 -0.314 4.83 
6.5 6.577 -0.077 1.71 
6.5 6.283 0.217 3.34 
6.5 6.329 0.171 2.63 
6.5 6.073 0.426 6.55 
7.5 7.171 0.329 4.39 
7.5 7.804 -0.304 4.05 
7.5 7.098 0.402 5.36 
7.5 7.747 -0.247 3.29 
7.5 7.56 0.06 0.80 
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3.

derlenecektir. K

ekil de 

.

3.1. Kalibre Verisi

3.1.

[43].

destekleyebilm

gerekmektedir [44].

[45].
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Bu tarz uygulam

Kritik An

3.2

6].

3.2. Sistem Modeli

Bu

ve lerde .

3.1.1.

[5].
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-Environment Real-

48

 

 

 

sisteminin mevcudiyeti, insan-

 

 

 [47]. 

 [47]. 

 

 

 

3.1.2.  

 

-

-kernel, nano-

-

 [47]. 

 [49]. 

RTAI [50
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[51] 

-pipe 

[47], 

es 

-uzay evreleri olabilirler.

e grafiksel olarak 43].

3.3. RTAI, (b) Xenomai ve (c) RTLinux [43]

.
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3.1.3.

 

edildi. 

 [52

 

 

eline 

 

 

3.2.  

 

3.4't . Bu 

biriyle tam olarak paralel optik eksenlere sahip 

l = fr xsol 

ve cx  

ed  [53]. 
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3.4. [53]

l sol 

r

(Z) T

(4) denklemi elde edilir [53].

3.5

[53].
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3.5. 53] 

 

ekil 

3  

  

 

 

3.6. OpenCv Kordinat Sistemi [53] 

 

3.2.1.  
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ekil 3.7 de vermektedir [53]. 

 

 

3.7. Radial Bozulma 

 

ekil e 

 [53]. 

 

 

3.8.  

 

3.2.2. Kalibrasyon 

 

 [54]. 

isminde bir fonksiyon ile gelmektedir [55]. 

 

3.2.2.1.  

 

kalibrasyon 
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ekil 

  [53]. 

 

 

3.9. Kalibrasyon 

 

3.2.2.2.  

 

  

 

 

 

3.10.  [53] 
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3.3. ve 

 

  

 

3.3.1. Tek Kart Bilgisayar 

 

Single-board computer (SBC) (tek kart bilgisayar),  

herhangi bir bilgisayar   

 [56]. 

57]. 

 Tablo de 57]. 

 

Tablo 3.1  

  
 Maxwell  

 ARM A57  @ 1.43 GHz 
Bellek 64-bit LPDDR4 4 GB 25.6 GB/s 
Depolama microSD (not included) 
Vidyo Kodlama 4K @ 30 | 4x 1080p @ 30 | 9x 720p @ 30 (H.264/H.265) 
Vidyo Onatma 4K @ 60 | 2x 4K @ 30 | 8x 1080p @ 30 | 18x 720p @ 30 

(H.264/H.265) 
Kamera 2x MIPI CSI-2 DPHY lanes 

 Gigabit Ethernet, M.2 Key E 
Ekran HDMI and display port 
USB 4 port USB 3.0, USB 2.0 ve Micro-B 

 GPIO, I2C, I2S, SPI, UART 
Mekanik 69 mm  , 45 mm derinlik, 260-pin edge  
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3.11

3.3.2. Kamera

sabit f yakalamak kolay [58].

3.12. RaspberryPi V2 Kamera [58]
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Tablo 3.2 de yer . 

Bu [58].

Tablo 3.2.

3.68 x 2.76 mm

Piksel boyutu 
1/4"
3.04 mm
62.2 derece
48.8 derece

ksel cinsine 

(5,6) [59].

3.3.3.

PD'si 54- - [60].

3.13
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3.3.3.1.

.

ekil 

gibidir.

3.14

3.3.3.2. Montaj

ekil e gibidir.

3.15
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3.4. ve 

 

3.4.1. Gnu/Linux 

 

NIX mimarisi sadece 

bir kod  ndan mahrum 

 

 [61]. 

haldeydi. 

Linus Torvalds  len , nin  

si  GNU Genel Kamu 

yla yaymaya karar verdi. Bu sayede 

projeleri  bi    

olarak  hale  [62]. 

   duyurul  [62]. 

 

3.4.2. Jetson Nano Developer Kit SD Card Image, 

 

 

  [63]. 

 

3.4.2.1. Jetson Nano Sistem Kurulumu 

 

-

 [64]. 
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3.4.2.2.

 

indirelim 

[64  

 

 

 

3.16  

 

3.4.2.3.  

 

65

kullan . 66] temin edip 

yazm   

  

 

 

3.17  

 

3.4.2.4.  

 

 

3.4.2.4.2 3.4.2.4.4  

3.4.2.4.  3.4.2.4.7  
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3.4.2.4.1. SD   

 

3.18 de  

dik. 

 

 

3.18. SD Kart Takma 

 

3.4.2.4.2.  

 

 

 

 

3.19.  
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3.4.2.4.3.

 

 

 

 

3.20.  

 

3.4.2.4.4. USB  

 

 

 

3.21.  

 

3.4.2.4.5.  

 

 Tablo 3.3 yeralan Madde 1 de bulunan 2.54 jumper 

 kart tam kapasite de 

leri kabul eder. 
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Tablo 3.3. Besleme Tipi

Madde No
1

2

3

3.4.2.4.6.

Bu b

3.22.
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3.4.2.4.7.

 

 

 

3.23.  

 

3.4.2.5.  

 

 v

 

anla 67

 

 . 

. 

  

Baud .  

 4 e kadar 

. 
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3.24.  

  

 

3.25.  

 

. 

 

 

3.26.  
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3.27.  

 

 

3.28.   

 

 

3.29.  
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3.30.  

 

 

3.31.  

 

 

3.32. Tam isim veya nick name. 

  

n rduk ve bu bilgilerle sisteme  
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3.33.  

 

 

3.34.  

 

 

3.35.  

 

 6 a ki gibi  
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3.36.  

 

 

3.37. Disk Boyutu 

 

 

3.38.  
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3.39.  

 

 

3.40.  

 

1

 

 

 

3.41. Nvpmode 
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3.42. Kurulum 

 

ekil 3.4  

 

 

 

3.43.  

 

 

5   

 

 

3.44.  

 

 

3.45.  
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51 
 

 sudo apt update && sudo apt upgrade -y   

 ya  ve sistemimiz kapat . 

 

 

3.46.  

 

3.4.2.6.  

sudo apt update && sudo 

apt install x11vnc ssh nano -y  

kaynaktaki [68] 

Tablo 3.4  

 

Tablo 3.4. O  

Eski Ayarlar Yeni Ayarlar 
#Enabling automatic login 
#AutomaticLoginEnable = true 
#AutomaticLogin = user1 

#Enabling automatic login 
AutomaticLoginEnable = true 
AutomaticLogin = deeplearning 

 

 (sudo reboot)  

 ip addr |grep inet |grep eth0 komutuyla .47

 

 

 

l 3.47.  

 

69

 



2 

52 
 

r. Bu 

deeplearning@10.0.2.3  Linux , Mac ve 

gulamalar kullanabilirsiniz. 

 

V

rleyin. X11vnc hata verirse x11vnc -noshm -display 

:0 .  

 

 

3.48.  

 

adresi   

 

  

 

3.49.  
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3.4.3.

 

 

 [70]. 

[71]. 

 

 

Tablo 3.5  

 Komut 
1 
 
 
2 
3 
4 
5 
6 

wget 
https://developer.nvidia.com/embedded/l4t/r32_release_v5.1/r32_release_v5.1/so
urces/t210/public_sources.tbz2 
tar xvf public_sources.tbz2 Linux_for_Tegra/source/public/kernel_src.tbz2 
cp Linux_for_Tegra/source/public/kernel_src.tbz2 kernel_src.tbz2 
rm -rf Linux_for_Tegra 
tar -xvf kernel_src.tbz2 
cd kernel/kernel-4.9 

 

   tam 

 

 

Tablo 3.6. Kernel Ayar 

 Komut 
1 
2 
3 

zcat /proc/config.gz > .config 
./scripts/rt-patch.sh apply-patches 
make menuconfig 

 

 ile 3.52 n lerden Kernel Features ->Preemption 

Model-
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3.50  

 

 

3.51  

 

 

3.52  

 

D   bulunu . 

 

Tablo 3.7.  

 Konum  
1 
2 

Kernel Features -> Timer frequency. 
General setup -> Timers subsystem 

1000Hz 
Full dynticks system (tickless) 

 

 

. 
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Tablo 3.8. Kernel Derleme 

 Komut 
1 
2 
3 
4 

cd ../.. 
./nvbuild.sh 
sudo make modules_install 
sudo cp arch/arm64/boot/Image /boot/Image 

 

  sistemi  

 

-

#1 SMP PREEMPT RT ifadesi yer al . 

 

3.4.3.1.  

 

3.4.3.1.1.  

 

 [72

  kaynak koddan derlenmesi gerekmektedir. 

 

Tablo 3.9. Kaynaktan Derleme 

 Komut 
1 sudo apt install libnuma-dev -y 
2 wget https://mirrors.edge.kernel.org/pub/linux/utils/rt-tests/rt-tests-1.10.tar.gz 
3 tar xvzf rt-tests-1.10.tar.gz 
4 cd rt-tests-1.10/ 
5 make && sudo make install 

 

3.4.3.1.2.  

 

 [73]. 

 

Tablo 3.10  

 Komut 
1 
2 
3 
4 

sudo apt install gnuplot -y 
mkdir logs && cd logs 
wget https://www.osadl.org/uploads/media/mklatencyplot.bash 
chmod u+x mklatencyplot.bash 
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sudo ifadesini ekleyelim. sudo cyclictest -l100000 -m -Sp90 -i200 -h400 -q 

>output bilgilerinin

Tablo 3.11. Cyclictest Parametreleri

Simge
-l
-m
-Sp90
-i200
-h400
-q
>

ekil 3.53 ekil 3.54

3.53. SMP Kernel

3.54. RT Kernel
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3.4.4. C/C++

 

Ken Thompson ve Dennis Ritchie 

 B dilin

Dennis M. Ritch

bir dildir.    

nden 

74]. 

stemde var olan 

 Tablo 3.12  

 

 

Tablo 3.12.   

Kod  
int i=0x04030201; 
int *p=0x61FE0C; 
char *c=&i; 
 
printf("i nin ram adresi\t%p\nSabit girilen 
adres\t%p\n",&i,p); 
 
printf("\ni nin degeri\t0x%x\nisaretci 
degeri\t0x%x\n",i,*p); 
 
*(c+2)=0xFF; 
 
printf("\n3. deger degisimi 0x%x\n",i); 

 
 
 
 
i nin ram adresi        61FE0C 
Sabit girilen adres    61FE0C 
 

 
isaretci degeri 0x4030201 
 
 
 
3. deger degisimi 0x4ff0201 
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3.4.5. OpenCv

 

OpenCV (Open Source Computer Vision Library) [75]

  dahil 

makine  

OpenCV, ticari olarak kodun kullan   

 

3.4.5.1.  

 

, ilkel ve en yeni  es

fonksiyonlar  

 yetenekli fonksiyonlar  , nesne , videolardaki 

 hareketlerini   izlemek, hareket halinde olan nesneleri 

izlemek,   kamera den 

boyutlu nokta  t

getirmek, t , var olan  benzer 

i bulmak

hareketlerini tak  

olan 

bir  OpenCv, 

nca y   [76]. 

 

3.4.5.2. Kurulumu 

 

Tablo   

 

Tablo 3.13.  

 Komut 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

cd Desktop 
mkdir opencv 
cd opencv 
git clone https://github.com/opencv/opencv.git 
git clone https://github.com/opencv/opencv_contrib.git 
cd opencv_contrib 
git checkout 4.4.0 
cd ../opencv 
git checkout 4.4.0 
mkdir build 
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 Komut 

11 
12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13 
14 
15 
16 
17 

cd build 
cmake -D CMAKE_BUILD_TYPE=RELEASE \ 
-D CMAKE_INSTALL_PREFIX=/usr/local \ 
-D BUILD_opencv_python3=ON \ 
-D INSTALL_C_EXAMPLES=OFF \ 
-D INSTALL_PYTHON_EXAMPLES=OFF \ 
-D WITH_TBB=ON \ 
-D WITH_V4L=ON \ 
-D WITH_QT=OFF \ 
-D WITH_CUDA=ON \ 
-D WITH_CUDNN=ON \ 
-D OPENCV_DNN_CUDA=ON \ 
-D WITH_OPENGL=ON \ 
-D OPENCV_EXTRA_MODULES_PATH=../../opencv_contrib/modules \ 
-D BUILD_EXAMPLES=OFF \ 
-D OPENCV_GENERATE_PKGCONFIG=ON  
make -j4 
sudo make install 
sudo make install 
sudo sh -c 'echo "/usr/local/lib" >> /etc/ld.so.conf.d/opencv.conf' 
sudo ldconfig 

 

3.4.6. CUDA 

 

 

 

 

 [77]. 

 Cuda Test Ya ekil 3.55 de 

 

 

 

3.55. Cuda Bilgisi 
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3.4.7. Darknet Yolo

YOLO(You Only Look Once) [78]

3.4.7.1.

56

lara 

[79].

3.56. N [79]

in) 
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edir. 

anla

  

-

57.) isimli mimari olarak 

 [80].  

 

 

3.57. LeNet Mimarisi [80] 

 

-of-

-CNN(Region Based CNN), 

Fast R-CNN, Faster R-  

 

3.4.7.2. Yolo 

 

 

ve ait 

 ortaya koyar. n 

 [78]. 

si   olarak 

 Fast YOLO a dur. Bu sayede 

tespit edici sistemlerin iki kat fazla ye 

.  daha 

 arka planda yap n 
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-CNN dahil 

 [81,82]. 

 

3.4.7.3. Yolo  

 

-of-

 [83]. 58 te 

m tane 

24]  

 

3.58. Y  [83] 
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3.4.7.4. Yolo Kurulumu

 

YOLO Tablo 3.14   

 

Tablo 3.14. Yolo Kurulumu 

 Komut 
1 
2 
3 
4 
 
 
 
 
 
 
 
 
 
5 
6 
7 

git clone https://github.com/AlexeyAB/darknet 
cd darknet 
nano Makefile 
# Make  
GPU=1 
CUDNN=1 
CUDNN_HALF=1 
OPENCV=1 
AVX=0 
OPENMP=0 
LIBSO=0 
ZED_CAMERA=0 
ZED_CAMERA_v2_8=0 
Ctrl+X 
Y 
make 
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4. BULGULAR VE 

 

 

formata Tablo 4.1 de bulunan fonksiyon ile  

 

Tablo 4.1  

Fonksiyon  
string to_gstreamer (int sensor_id,int mode,cam_settings_t 
cam_settings) 
{return "nvarguscamerasrc sensor-id="+to_string(sensor_id)+" 
sensor-mode="+to_string(mode)+ " ! video/x-raw(memory:NVMM), 
width=(int)" + to_string(cam_settings.capture_width) + ", height=(int)" 
+ to_string(cam_settings.capture_height) + ", format=(string)NV12, 
framerate=(fraction)" + to_string(cam_settings.framerate) +"/1 ! 
nvvidconv flip-method=" + to_string(cam_settings.flip_method) + " ! 
video/x-raw, width=(int)" + to_string(cam_settings.display_width) + ", 
height=(int)" + to_string(cam_settings.display_height) + ", 
format=(string)BGRx ! videoconvert ! video/x-raw, 
format=(string)BGR ! appsink";} 

to_gstreamer 
fonksiyonu 

modu, ve ayar 

nin 

 

 

4.1. Kenar Bulma  

 

edilmelidir.  

 

4.1.1.  

 

Tablo 

4.2

getir . 

 

Tablo 4.2  

C Kodu  
cam_settings_t cam_settings= 
{ 
        .capture_width = 640, 
        .capture_height = 360, 
        .display_width = 640, 
        .display_height = 360, 

 
Boyut 640x360 
pixel 
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        .framerate = 30, 
        .flip_method = 0 
}; 
string Left_Camera_Stream=to_gstreamer(Left_Cam,3,cam_settings); 
string Right_Camera_Stream=to_gstreamer(Right_Cam,3,cam_settings); 
VideoCapture capLeft(Left_Camera_Stream, CAP_GSTREAMER); 
VideoCapture capRight(Right_Camera_Stream, CAP_GSTREAMER); 

 
 
 

 
 

 
 

 

Tablo 3.2  Tablo 4.3 

 yer al . 

 

Tablo 4.3.  

C Kodu  
float baseline = 65.0; 
float focalLenght = 3.04; 
float Hfov = 62.2; 
float sensorWidth = 3.68; 

 
 

D u 
 

 

5) ve (6) da verilen   C++ 

fonksiyonunu . 

 

 

4.1  

 

ekil 4. de 
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ekil e hesaplanan 

ekil 4.4

4.2. Nesne Konumu

4.3.

4.4.

4.1.2. Kamera Kalibrasyonu

3.2.2. Kalibrasyon

halidir.

olarak ayarlanm

[85].
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4.5.  

 

 

cv::findChessboardCorners 6  

 

 

4.6.  

 

 7  
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4.7.  

 

4.2. YOLO  

 

 

  

 

4.2.1.  

 

de GPU   OpenCv 

Cuda aktif edilmelidir.   modellerinin program 

 

 

4.8.Yolo Verileri 

 

Saniyede en 

 

z  m  
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4.9.  

 

4.10.  

 

4.2.2.  
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4.11.  

 

4.2.3.  

 

Tablo   

 

Tablo 4.4  

 Min fps Max fps 
Var 1.8 3.8 
Yok 2.76 4.32 

 4.88 5.0 
 

Tablo 4.5.  

  Hata/cm  
10 14,72 -4,72 47,2 
15 28,3 -13,3 88,66666667 
20 25,82 -5,82 29,1 
25 24,46 0,54 2,16 
30 23,53 6,47 21,56666667 
35 22,94 12,06 34,45714286 
40 22,36 17,64 44,1 
45 22,23 22,77 50,6 
50 28,4 21,6 43,2 

 

4.3. Uyarlama 
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hareket halinde

4.12.

4.13.

4.14.

4.15, i ise Tablo 

4.15.



2 

72 
 

 

4.16.  

 

 

4.17.  

 

Tablo 4.6  

 Min fps Max fps 
Var 1.8 3.0 
Yok 2.76 3.3 

 3.5 4.9 
 

 

Tablo 4.7.  

  Hata/cm  
150 200,524 50,524 33,68266667 
300 201,24 98,76 32,92 
500 499,236 0,764 0,1528 
700 702,365 20,365 2,909285714 
950 943,245 349,443 36,78347368 

1000 980,925 19,075 1,9075 
1100 1095,256 995,256 90,47781818 
1300 1269,785 30,215 2,324230769 
1400 1401,354 298,646 21,33185714 
1450 1402,785 47,215 3,256206897 
1500 1612,1549 312,1549 20,81032667 
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5. VE 

 

 

nesne 

 hata ile  . 

e sne takip 

 bulunan nesnenin 

  

  

 

platf

  Fakat bu sistemler boyut olarak bir araca 

eni sistemlerin maliyet 

tasarlanmas

  

 

 

5.1  [86] 

 

 kameralar olabilir. Yeni nesil 

na 

 da tasarlanabilir. 

 

 

TX2 NX TX2 4 GB TX2 TX2i
Jetson 

Xavier NX 
16 GB

Jetson 
Xavier NX

Jetson AGX 
Xavier 64 

GB

Jetson AGX 
Xavier

Jetson AGX 
Xavier 

Industrial
Yapay 
Zeka 
Performa

472 
GFLOPS

1,26 
TFLOPS

30 TOPS 100 TOPS 200 TOPS1,33 TFLOPS 21 TOPS 32 TOPS

Jetson 
Nano

Jetson TX2 Serisi Jetson Xavier NX Serisi Jetson AGX Xavier Serisi
Jetson Orin 

NX
Jetson AGX 

Orin
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5.2. ZED Kamera [87] 

 

, kamera ve konum tespit 

.  
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