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Improvement of Power Consumption of Canny Edge Detection

Using Reduction in Number of Calculations at Square Root
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Abstract In this paper, we propose a method to reduce the square root computation having
high computation complexity in Canny edge detection algorithm using image processing. The
proposed method is to reduce the number of operation calculating gradient magnitude using
pixel's continuity using make a specific pattern instead of square root computation in gradient
magnitude calculating operation. Using various test images and changing number of hole
pixels, we can check for calculate match rate about 97% for one hole, and 94%, 90%, 88%
when the number of hole is increased and measure decreasing computation time about 0.2ms
for one hole, and 0.398ms, 0.6ms, 0.8ms when the number of hole is increased. Through this
method, we expect to implement low power embedded vision system through high accuracy
and a reduced operation number using two-hole pixels.

Key Words : Canny edge detection, computation reuse, embedded vision, low computational
complexity, low power image processing.
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Fig. 1. Canny edge detection algorithm block diagram.
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Fig. 2. Creation hole pattern of Gradient magnitude.

Sobel ¥EIE Z&3] X, Y W gradientE Al
”ﬂi 71€7] WEE Aieit Edas 94l
THIAS AASK= NMS9 SAl0] A& 7|&¢o=
AR835E High, Low ZAAZS AAFSIAL Hysteresis

thresholding® 493 a4 AEZT onx &
A5t

+4A FRE EE5ke 7197] 9 52 Als
& Ao g Qls tE EE0 H|F w2 4 B
T7b 279 Ak RNO ¢uEEe a7ss
71€7] HE A9 AiAQl S5 Eole S
Atk

Atehs dargfEe thgd 2 7127] HEE
Tol= IYolA 19 20 HQl sfEE o]gst &

(H1~H4):% ;qz%h:]- 0114 ﬂﬂe 01 _14/\4]_%
AQP=t ol & 719 A7 7R worst
case?] ¥ F Aut @il sl Fg=T AT
5| F4astr] HHTO]E} olrf F4 TACE 7Ie2
20°,45° , 13579 sfigsk= gl HI,
H2, H3, H4Z —‘;i g2 217383 7187] ¥EY

= AR kol 008 A} AkbehA] &
A9 FE FH EAsl= 71e7] HEE RS
o AR gAd olmAle ¥ T4 b gk
9] A&Adol EAob] Wgol| 4 ARG Akt
Ak 7187] HE 9] WRkde Eels) 5Y A4
of &9 FHgtoRE A} ol WAl

i
r_R
ri
>¥L"
).
ﬂl
oN
o
B
L
af
2
o
D

(1
o
Y
ro, |
:
o
N

‘/F ‘:1'

Aoksl= RNO €ilg&9] tloloj1#
. WA FA9] Index AR ZE I
Ao EHOH hole B4 f5E gRI3t) ojff & ¢

—‘.1 rlo f“1°£

Algorithm 1 Reduced Number of Operations{RNO Algorithm)

1: Set some Gradient Magnitude as hole pixels(Gh)
2: Set the Gradient Magnitude's value to zero and skip computation

3: Calculate theta value of neighborhood pixels around hole pixel

4: Check the two theta values{t1,12) around the hole pixel

5:ift1=t2

8 then Gh=(t1+12)/2

T else

& Gh=average of 8 pixels around a hole pixel

N if Having zero value of pixels among the pixels around the hole

10 then except the average calculate

11 endif

12: endif

13 return <Gh=

14: This process calculates a hole pixel's Gradient Magnitude using the
continuity of the pixels.

15; Gh is Gradient Magnitude's value of hole

16: 11,12 are pixels those have similar edge's direction with Hole Pixel
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Fig. 3. Proposed algorithm diagram Reduced Number of
Operations (RNO).
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Table 1. RNO algorithm result chart

ZX| H13# Hes

LENA | Hole 17f | Hole 27§ | Hole 374 [Hole 47i | | BABOON |Hole 170 | Hole 27 | Hole 37 | Hole 47}
(512+512) | (10,404) | (20,808) | (31,212) | (41,616) (480+500) | (9,600) | (19,200) | (28,800) | (38,400)
Edge 17,576 17,473 17,481 17,517 Edge 32,557 32,244 31,966 31,518
Common 17,096 16,638 16,359 16,138 Common 31,486 30,548 29,566 28,503
Difference 480 835 1,122 1,379 Difference 1,071 2,678 2,400 3,015
Match rate| 97.46% | 94.83% | 9323% | 91.98% | |Match rate| 96.44% | 9357% | 90.56% | 87.30%
PEPPERS | Hole 17i | Hole 271 | Hole 371 | Hole 47H | | BARBARA | Hole 17H | Hole 27i | Hole 37H | Hole 47
(225+255) | (2,025) | (4,050) | (6,075) | (8,100) (512+512) | (10,404) | (20,808) | (31,212) | (41,616)
Edge 4,013 4,013 3,802 3,791 Edge 19,863 19,749 19,779 19,808
Common 3,899 3,786 3,557 3,461 Common 19,351 18,862 18,474 18,114
Difference 114 227 245 330 Difference 512 887 1,305 1,694
Match rate| 97.14% | 94.32% | 8861% | 86.22% | [Match rate| 97.50% | 95.03% | 93.08% | 91.26%
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