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Prevention of Collision with Other Vessels Using Camera

Sensors with Kalman Filter

Dae-il Sung*, Sung-Joo Kim*, Young—-Min Kim*, Yun-Sung Jung*, Min—-Seok Han**

145
-

8 F 2 =RoNe sAE &40 mE et AN QX9 eAE Aojsial B sbr] {5 Zut "EE A8%
YRS AR 9A, FEe AdE 7Ieste] &30 WE oA ARE FPcKid. Edz A9d A
PKMR-211& &3l Algdolde] Badt ol A57HA AZE AARE &, mod Ao AlAgelAM 7zt &
Agg WMEE Aot 23 BAZ SAsiyrh. ddolMe 9 E8 A=E AkE Yl ¥ o, 2 751,
72le] WE = WA Husilt: s AdE 39 ARl A BEE A8sP] A 59 eAE vuge o, A
gl 7S AT E +1.5556°9014 -1.1544"7H] E01EUL, HASINE 54T 2HE sl ol
S, s Egell mE EY FAde st A sk, o4 B ol AR AR 7T S AAsH
At

o

e

Abstract In this paper, we present a method of applying the kalman filter to control and
correct errors in camera sensor recognition depending on the sea state environment. First, the
specifications of the ship were described and the degree of error due to rolling was measured.
After presenting the distance from the surface of the water to the sidelight required for
simulation through PKMR-211, the ship selected as the model, error correction was performed
using the camera error value as a variable in the feedback control system. In the experiment,
the degree of rolling of the ship was expressed as variables @ and B, expressed in angles, and
the angle change according to distance was compared. When comparing the error before and
after applying the kalman filter in sea state 4, it decreased from +1.5556° to -1.1544° in red
light regardless of distance, and the same result was confirmed in green light. Through this,
calculations were performed considering the movement of the ship according to the maritime
environment, and the future maneuverability of the ship was presented after error correction.

Key Words : Camera sensor, degree of rolling, MATLAB simulation, maritime law, Kalman filter

1. N2 Aol gtote] A ARojA Aol R8sttt

3| 9] A3 o oo H3lo] BHIShA A
S ol Aol ol Aame) Do) Sopep L USRS AR A Ao Sl S

o 20 S — = S - =7 =
(NLD) 24, 32, 243 2% 502 I3 gsta
3 9lek. ol 21 Aol Bl 91 Wshe M R g
i 28 e ASET k). oleid el A
4 glom, el Wz Sof o BRI AL
| &30 442 WY A AR o] BLHol
TKsH ek Bk, 91 AZHE A FolAel T
o web Bol A|zdle) BHE Beste] £242)

This Paper was supported by Research Fund of Republic of Korea Naval Academy in 2024.

*Department of Electronics and Control Engineering, Republic of Korea Naval Academy

**Corresponding Author : Department of Electronics and Control Engineering, Republic of Korea Naval Academy
(mshan1024@navy.ac.kr)

Received May 30, 2024 Revised June 07, 2024 Accepted June 12, 2024



7l /\15@%% £3F, WAES)

& AR&3te]

WA e 4 Slok A AR AAHE A4
o A A AR SRS 9 7V AER Y

oF FE 9 A48otE Bl AAHL A4S T
7152 Zolof Sj, olS PJSAL Pt T
A2 sty EJ—‘#‘ESHOF . 531 o2 3 A

i) 35 S| 57 @ -+ Sick, QHE B 9
e W50 9IXI2} HjaL ekt motsof 5]
5 #50] A7 7}
wlek A7 ol B QalskA Eake SO ©
b 9 4
by olefdt BAIZ Hds] 9ol & ol
L 29 WHE Agsie] RS A4 P
AQkaie}, 2t e ol 9 B2 B9 XS B

HSe 7142, ot Yo F WYY & U 0FE

aviHon 29 4 otk B =Eo 7w Ure 48
slo] 9RE HNaslsla 59l AL &4 ALsS

Aldehs WS AR, =29 -_r“é El*—ﬂr z
o 280AE ot el T 25k @
£ 27t O iR EARE AR 30Me
AEdolde sl Hast 7+
ntetug wejol] I ARt U
walth 472 7H7bo] Also] wh
WHe AABIAL vhAlef ez 532 v WE A8 At
o] E84E v eR =9 282 AR

2.1 HH| sE 49

| Recognition of USV |

Situation supposition

Setting parameters Setting parameters
(Spesifications of ship) (Distance between ship)
a=tan ](! =tan"! i
= 16 h] f=tan [ﬁ)
Enter Kalman Filter 4
variables ¥

Caculation and correction of Kalman Gains
P
) e 1
”pm: + (5104 mesirerment oise)

pred

Adjust the fﬂtﬂing results within
the eror range

RMSE Correction
TS gl befare = sqrt(mean((colory,, - ('uln'r,,-_ld,r m:w.)‘))

rmse
colar = 34T '5(

color

rmse

Derive and compare \
results
a8 1. FME
Fig. 1. Flow chart

39 19) Az BE B 979 33 ofefet
2t} WA To] Zabgo] 3L olAlshE BHAo] A
At Y 709] Ao uret TR 2L WS ¢, f2
gt



—
wW
N
rok
Hl
o)l
H
>
P
ojm
=
~
>
J&"
Hn

X HM178 M3z

a = tan~ !(

) )

g =tan ' () @

ol 12 1= L (L& miEAe el A)e]

T, i A Al st @5 Aole] olo]
o, 4= 9l ST} vl Al 7o) Aol
ol%, 44¥ TtulE ge vheow Zu Weo) W
£5 Jesha thee] A vigor 4 ol=g A
A9 Ay,

K= Ppred
B 2
Pprad + (Stddcv,mcasuranLcntJLoisc)

©)

TMSE pl0r _be fore =
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Table 1. Specifications of PKMR[6]

Specification Value [m]
Length 447
Width 7.1
Height 13

Mean draft 3
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Table 2. degree of rolling[7]

Significant Modal period
Sea state )

wave height [m] [sec]
0 0 75
1 0.05 75
2 0.3 75
3 0.88 75
4 1.88 8.8
5 3.25 9.7
6 5.0 12.4
7 75 15.0
8 1.5 16.4
9 14.0 20.0
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Table 3. Kalman filter application code

135

Kalman filter algorithm code

tfori = 1:N

T x_pred = X;

: P_pred = P + std_dev_process_noise2 * eye(2); % Regularization term

: camera_error = roll(i) * 0.1; % Assuming 10% increase in error per degree of rolling

- K = P_pred / (P_pred + std_dev_measurement_noise2);

:x = x_pred + K » (z - x_pred);

: P = (eye(2) - K) » P_pred;

1
2
3
4
5: z = [red_light(i) + camera_error; green_light(i) + camera_errorl; % Actual measurements with error
6
7
8
9

: x(1) = min(max(x(1), 0), 360); % Red light angle adjustment

10: x(2) = min(max(x(2), 0), 360); % Green light angle adjustment

11: filtered_red_light(i) = x(1);

12: filtered_green_light(i) = x(2);

13: rmse_red = rmse_red + (filtered_red_light() — red_light(i))"2;

14 mrse_green = mse_green + (fittered_green light(i) — green light())2

15: rmse_red_before = sqrt(mean((red_light — red_light_position).*2));

16: rmse_green_before = sgrt(mean((green_light - green_light_position).~2));

17: rmse_red = sqgrt(rmse_red / N);

18: rmse_green = sqrt(rmse_green / N);

E 4. m2folE (o HeMY

Table 4. Setting the Variable for Parameter «

Setting the Variable for Parameter «

1: wave_height = 0.88; % the height of waves (m)

2: sway_angle = 7.575; % Shake angle at 0.88m waves

3: roll_freq = 1.136; Rolling frequency (Hz)

4: roll_amplitude = sway_angle * (roll_freq » wave_height / 0.88);

5 roll = roll_amplitude * sin(2=pi*roll_freq*t); % modeling roll angle

6: central_angle = 23.5; % the center angle of the PKMR (degree) §_1

7: red_light_position = 90 + (central_angle); % red light position (degree)

8: green_light_position = 90 - (central_angle); % green light position (degree)
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Table 5. code of f3;

code of 34
1: central_angle = 2; % the center angle of the
PKMR (degree)
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Table 6. code of [,

code of 3,
1: central_angle = 0.4; % the center angle of the
PKMR (degree)
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Table 7. Kalman filter algorithm & Code applied to Fig. 3.

Kalman filter algorithm & Code applied to Fig. 3.

1: for k = 1:3 % lterate over color channels

2: for i = 1irows

3 for j = 1:cols

4 x_prior = x(i, j, K; % Predicted state

5 P_prior = P, j, k) + Q; % Predicted covariance
6: K = P_prior / (P_prior + R); % Kalman gain

7: x_post = x_prior + K * (img(i, j, k) — x_prior); % Updated state estimate
8 fitered_img(i, j, k) = x_post;

9: x(i, j, k) = x_post;

10: P(, j, k) = P_post;

11: end

12 end

13 end

14: left_half_mask = false(rows, cols);

15: left_half_mask(:, 1:mid_col) = true;

16: right_half_mask = false(rows, cols);

17: right_half_mask(:, mid_col+1:end) = true;

18: green_threshold = 150;

19: red_threshold = 150;

20 green mesk = (filtered_img(:,,2) > green_threshadld) & (filtered ing(:,:,1) < green threshold) & (filtered ing(:,:,3) < green threshold);

21: red_mesk = (filtered img(:,5,1) > red_threshold) & (filtered img(:,;,2) < red_threshold) & (filtered ing(:,;,3 < red threshold);

22: left_green_mask = green_mask & left_half_mask;

23: right_red_mask = red_mask & right_half_mask;

24: final_img = zeros(rows, cols, 3, 'uint8');

25: final_img(:,;,2) = uint8(left_green_mask) * 255; % Set left green region

26: final_img(:,;,1) = uint8(right_red_mask) * 255; % Set right red region

27: left_red_mask = red_mask & left_half_mask;

28: right_green_mask = green_mask & right_half_mask;

29: final_img(left_red_mask) = 0; % Suppress red in the left half

30: final_img(right_green_mask) = 0; % Suppress green in the right half
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