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IMPLEMENTATION OF SHRIMPS GRADING USING IMAGE PROCESSING ON
RASPBERRY PI COMPUTERS
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Toém tat - Trong bai viét nay, tac gia trinh bay (ng dung ky thuét
xt ly anh d@é xac dinh trong lwong tém. Phwong phap xt Iy anh dé
xac dinh trong lwong tém bao gém cac cong doan sau: thu nhan
anh tém t&» camera, chuyén déi khong gian mau, tach déi twong
bang ky thuat phan nguéng anh, xac dinh dién tich cta dbi trong
va xay dung ham toan hoc biéu dién méi lién hé giira dién tich va
trong lwong clia déi twong tir cac mau ngau nhién. Giai thuat xt ly
anh dwoc viét bang ngén ngir Python két hop thw vién OpenCV va
cai dat chwong trinh trén may tinh Raspberry Pi 3. Thyc nghiém
kidm chirng trén sé lwong 50 mau tdm thé chan trang dwoc chon
ngau nhién cho thy phwong phap dé xuét co thé xac dinh trong
lvgng tom v6i d6 sai s6 trung binh 14 0,34g. Két qua nghién ciru
c6 thé dwoe ng dung trong viéc ché tao thiét bi phan c& tom tw
déng cho cac nha may ché bién thiy san.

Tir khéa - Phan c& tdm; Python; Raspberry Pi; Tém thé chan tréng;
Xt ly &nh

1. Pit van dé

Trong nhitng nim gan day, mat hang tom trd thanh mot
trong nhirng san pham thuy san xuét khau chu lyc cta Viét
Nam. Theo Hi¢p hoi Ché bién va Xuat khau Thuy san Viét
Nam, san lugng tom xuit khau ciia Viét Nam chiém 45%
san lugng tom toan cau [1]. Tai cac nha may ché bién thiry
san, phan ¢ tdm la mot trong nhimg khéu quan trong trong
quy trinh ché blen tom xuét khau. Trong thuc té, viéc phan
¢& tom tai mot s6 co s& ché bién thity san dugce thue hién thu
cong voi sb lugng nhan cong 16n dé co thé dam bao ning
suét yéu cau. Tuy nhién, tinh trang thiéu hut lao dong va gia
thanh nhan cong ngay cang ting da gay khong it kho khan
cho cac doanh nghiép ché bién thuy san. Trong nd lyc nhiam
on dinh hoat dong san xuat va ting ning suat cong doan phan
¢& tom, nhiéu doanh nghiép da dau tu cac thiét bj phan c&
tom ty dong. Phan 16n céc thiét bi phén c& tom tu dong hién
¢6 trén thi trudong st dung nguyén 1y co - dién tir, theo do,
trong lugng tom dugc xac dinh béng cac cam bién trong
lwong [2], [3]. Phuong phéap xac dinh trong lugng bang cam
bién trong luong c6 toc d6 xir Iy cao, tuy nhién, doi hoi cam
bién c6 do chinh x4c cao, chi phi diu tu va bao tri cao.

K thut xir Iy anh da dugc (mg dung trong nhiéu linh
vuc khac nhau tir nhan dang khuén mit dén phén loai trai
cay [4]-[7]. Ky thuat xu ly anh cling dugc su dyng ¢ khau
phén loai sin pham trong nudi trong va ché bién thuy san
[8]-[10]. Trong bai viét nay, tac gia trinh bay Gng dung k¥
thuat xir 1y anh dé xac dinh trong lugng tom. Phuong phap
xir Iy anh dé xac dinh trong lwong t6m bao gom cdc cong
doan sau: thu nhan anh tm tir camera, chuyén d6i khong
gian mau, tach dbi tuong bang k¥ thuat phan ngudng anh,
xac dinh dién tich cia ddi tuong va thiét 1ap ham toan hoc
biéu dién mdi lién hé gitra dién tich va trong lugng cua dbi

Abstract - In this paper, the authors present the application of
image processing techniques to determine the weight of shrimps.
The image processing method to determine shrimp weight consists
of the following stages: collecting image from camera, converting
color space, thresholding images, extracting feature and
establishing mathematical functions describing the relationship
between area and weight of the objects from random samples.
Image processing algorithms are written in Python language with
the OpenCYV library and installed on the Raspberry Pi 3 computers.
Experimental validation with 50 white-leg shrimps randomly
selected shows that the proposed approach can be used to
determine the shrimp weight with an average error of 0.34g.
The study results can be applied for the implementation of
automatic shrimp grading machines for seafood processing plants.
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tugng tir cac mau ngau nhién [9]. Trong nghién ciru nay, tac
gia da xay dung dugc phuong trinh biéu dién su lién hé gitra
dién tich va trong luong cua tom thé chan trz“ing. Bén canh
0, viéc xay dung giai thuat xir 1y anh bang ngon ngit Python
[11] két hop thu vién OpenCV [12] va cai dat chuong trinh
trén may tinh Raspberry Pi 3 [13] ciling dugc xem la mot
dong gop cua tac gia. K§ thuat nay c6 thé mang dén mot giai
phéap kha thi trong viéc ché tao thiét bj phan c& tom tw dong
str dung trong cac nha may ché bién thiy san.

2. Phuong phap thuc hién
2.1. H¢ thong thu nhén hinh dnh

Kit Rasnberrv Pi 3 +

Hinh 1. H¢ théng thu nhdn hinh dnh tom

So dd khéi cuia hé théng thu nhan hinh anh mau tom
dugc trinh bay ¢ Hinh 1. Phan ctng hé thong bao gom 2
phan chinh: bg kit Raspberry Pi 3 va hop chup anh. Hop
chup anh duoc sir dung dé thu nhan hinh anh miu tém va
truyén vé bo kit Raspberry Pi 3 dé xir ly. Pay hop chup anh
1a noi dat mau tom, duoc phu bang mot 16p gidy xép mau
xanh duong nham giam sy phan xa anh sang. Mot camera
Raspberry Pi NoIR V2, d6 phén giai toi da 8Mpixels, dwoc
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lip dat & chinh gilta nép hop dé thu hinh anh mau tom.
Khoang cach tir mau tom dén camera 13 khoang 30 cm. Hai
bong dén LED anh sang vang, cong suat 4W/bong, dugc
b tri bén trong hop chup anh dé dam bao diéu kién chiéu
sang mau tom on dinh va sy dong nhat vé chat luong cua
cac hinh anh thu duoc.
2.2. Xac dinh trong lwong méu tom

Tém thé chan tring (tén khoa hoc Lipopenaeus
vannamei) st dung trong nghién ctru 1a loai con nguyén vo
va diu duge mua tai chg & Tp. Cin Tho. C4c miu tdm sau
khi mua vé duoc can dé xac dinh trong lugng béng can dién
tir do haing OHAUS [14] san xuét c6 do sai s 1a £0,01g
(Hinh 2). Cac miu tom duge 1am kho nudc bang gidy tham
nudc trudce khi can.

Hinh 2. Thiét bi can khéi luong tom.

Trong nghién ctru ndy, tong cong c¢6 100 mau tom duoc
chon ngau nhién va dugc mua thanh 2 dot, mdi dot 50 con.
Theo d6, 50 mAu tdm dau tién duge su dung dé xay dung
mo hinh tinh todn trong lugng tom co6 trong luwgng cu thé
nhu sau: 13 con tom cé trong lugng trong khoang 4,85g ~
8,44g, 10 con trong khoang 9,05g ~ 9,78g, 11 con trong
khoang 10,35g ~ 12,33g, 11 con trong khoang 14,62g ~
20.,83g, 5 con trong khoang 22,79g ~ 29,67g. Nhdm 50 mau
tom tht 2 duoc sir dung dé kiém ching mé hinh da xay
dung, c¢6 trong lwong phan bb nhu sau: 10 con trong khoang
5,589 ~ 9,529, 15 con trong khoang 10,51g ~ 14,38g,
12 con trong khoang 15,44g ~ 19,829, 8 con trong khoang
20,259 ~ 24,584, 5 con trong khoang 25,73g ~ 29,67g.
2.3. Cdac budc xwr ly hinh dnh

Qué trinh thu nhan va xtr Iy hinh 4nh miu tom bao gdm
5 bude va dugc thuc hién boi chuwong trinh xir Iy viét bang
ngon nglr Python va thu vién OpenCV cai dat trén kit
Raspberry Pi 3 (Hinh 3).

Thu nhén anh tir camera

J

Chuyén déi khéng gian mau

I

Xdam héa anh

0

Nhi phéin héa va loe nhiéu

{

Trich xuét dic trung anh

Hinh 3. Luu do cdc buée xir Iy hinh anh mau tom

Bwoc 1: Thu nhan anh tir camera

(@) (b)

(d) )
Hinh 4. Hinh méu t6m qua cac buée xv Iy (a) thu nhdn danh tir
camera, (b) chuyén doi khong gian mau, (c) xam hoa,
(d) nhi phdn héa va (e) loc nhieu

Hinh anh ciia mau tom sau khi duoc chup bdi camera
s& duoc truyén vé kit Raspberry Pi 3 dé xir 1y (Hinh 4a).
Ham cv2.imread() trong thu vién OpenCV dugc sir dung
dé doc hinh anh. Bé dung hoa giita chit lugng hinh anh va
tde do xur 1y, cac hinh anh chup tir camera dugc thiét lap do
phén giai la 480 x 480 pixels.

Buwéc 2: Chuyén déi khong gian mau

Trong budc nay, hinh anh s& dugc chuyén tir khong
gian mau RGB (do, lyc, lam) sang HSV (mau sdc, do bio
hoa, cudng d6 sang). Két qua cua budc ndy cho hinh anh

¢6 su phéan biét 15 giita ving 4nh mau tdm va mau nén nhu
& Hinh 4b.

Buwdc 3: Xam hoa anh

pé giam thoi gian xtr Iy hinh anh, cac anh mau s€ dugc
chuyén doi sang anh xam trude khi thyc hién cac budc ti€p
theobang cach st dung ham cv2.cvtColor() cta thu vién
OpenCV (Hinh 4c).

Budc 4: Nhi phan hoa va loc nhiéu

Trqéc tién, anh xam sé duoc chuyén dédi sang anh nhi
phéan bang cach sir dung ham cv2.threshold() cua thu vién
OpenCV (Hinh 4d). Thuat toan phan ngudng anh ty dong
Otsu duoc ap dung ¢ budce nay [15].

Sau khi dugc nhi phan hoa, ém}} ¢6 thé chira cac 15i nhu
diém trang trén nén anh hodc cham den trong ving di¢én
tich anh tom. Ngoai ra, sy khong tron tru cua duong vién
vung dién tich tom ciling c6 thé dan dén sai so trong viéc
tinh toan 6{ budc 5. qDo do, mgf)t phép’toéu‘l loc anh s€ duoc
ap dung tiép theo dé giai quyet cac van dé trén (Hinh 4e).
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Bude 5: Trich xudt dc trung danh

Churc nang tim duong Viép (edge detection) trong thu
vién OpenCV dugc st dung d€ tinh toan viung dién tich anh
tom. Cac ham cv2.findContours() va cv2.contourArea()
duogc sir dung dé xac dinh vung dién tich anh tom.
2.4. Swtwong quan giira dién tich anh va trong lwong cia
tom

D liéu vung dién tich anh tém sau khi trich xuat duoc

két hop véi dir licu trong luong tom twong tng dugc ghi
nhan trude do de xac dinh ham so6 biéu dien sy twong quan
gitta dién tich anh tom va trong luong tom. Cac dir liéu nay
duge xur Iy bang phan mém Excel [16] va cho két qua 1a
ham so

y = 0,0128x° — 0,3551x* + 3,7572x% — 18,597x?

+ 45,98x — 39,582

v6i binh phuong ctia hé s6 trong quan R? = 0,982, trong d6
x 1a dién tich anh cta tém va y 1a trong lugng tom (Hinh 5).

Twong quan giira di¢n tich anh va trong luwgng tém
35

o y=0.0128x" - 0.3551x* + 3.7572x% - 18.597x” + 45.98x - 30.582
25

20

Trong lugng tim (g)

Dién tich anh tém

Hinh 5. Ham sé biéu dién s twong quan giita
dién tich anh tom va trong luong tom

3. Két qua va thao luin
3.1. Két qud thuwe nghigm va thoi gian xir Iy dnh

Pé kiém chirng ham sb biéu dién sy twong quan giira
dién tich va trong luong tom da thiét lap o phﬁn trén,
50 mau tdm mua & dot 2 duoc can dé xac dinh trong lugng
va chyp anh dé tinh dién tich ving anh tom. Dir liéu dién
tich anh tom duoc dwa vao ham sé twong quan va két qua
tinh toan boi chuong trinh dwgc so sanh véi s6 lidu trong
lurong tom nhu ¢ Bang 1. Trong Bang 1, d0 sai 1éch dugc
xac dinh theo cong thirc sau: do sai léch = trong lugng ban
ddu ciia tém — trong heong tinh todn béi chwong trinh. Két
qua thye nghiém cho thiy, da s6 cac truong hop c6 s6 liéu
tinh toan rat gan véi s liéu do dac vdi sai s trung binh 1a
0,34g. Sai s6 nay c6 thé dap tmg dugc cac yéu cau thuc té
vé phan c& tom tai cac nha may ché bién thiy san.

6 14,07 14,09 0,02
7 10,51 10,17 0,34
8 11,54 11,12 0,42
9 12,41 11,82 0,59
10 19,68 19,28 0,40
11 11,09 10,84 0,25
12 18,11 18,15 0,04
13 20,25 20,46 0,21
14 13,74 13,23 0,51
15 14,38 13,65 0,73
16 20,62 21,10 0,48
17 19,82 19,76 0,06
18 7,33 7,78 0,45
19 8,39 8,03 0,36
20 9,52 9,14 0,38
21 6,89 6,93 0,04
22 5,58 6,03 0,45
23 10,62 10,71 0,09
24 8,32 8,40 0,08
25 5,75 5,83 0,08
26 9,26 8,95 0,31
27 8,31 7,97 0,34
28 15,44 14,59 0,85
29 11,38 11,12 0,26
30 12,26 11,94 0,32
31 13,24 12,60 0,64
32 15,68 15,46 0,22
33 7,87 7,64 0,23
34 12,56 12,45 0,11
35 11,78 11,56 0,22
36 15,88 15,19 0,69
37 11,20 10,97 0,23
38 15,60 15,61 0,01
39 15,61 15,23 0,38
40 16,74 16,76 0,02
41 1591 15,46 0,46
42 23,09 23,35 0,26
43 26,88 26,04 0,84
44 25,73 25,68 0,05
45 29,67 29,84 0,17
46 27,56 27,92 0,36
47 24,58 23,51 1,07
48 23,51 22,98 0,53
49 21,10 21,61 0,51
50 26,62 26,43 0,20

Bing 1. Béng s6 liéu két qua thire nghiém

STT Ttrli’l:‘cg gg)'g ﬁ;‘;\“t’% ;‘;"(’5 Dj sai léch (g)
1 22,04 22,20 0,16
2 2218 22,68 0,50
3 15,85 15,28 0,57
4 17,40 17,03 0,37
5 14,16 14,53 0,37

Mot mo hinh bang chuyén don gian véi tée do chuyén
dong co thé thay do6i da dugc xay dung dé danh gia toc do
xir Iy hinh anh cta hé thong (Hinh 6). Két qua thuc nghiém
cho thiy, tong thoi gian xir 1y trung binh mot hinh anh 1a
0,8s, trong d6 0,15s 1a thoi gian xr 1y anh va 0,65s 1a thoi
gian truyén dit lidu anh tir camera vé kit Raspberry Pi 3. Dé
tang tde d6 xur Iy hinh anh, mot webcam Logitech C170

It
.....

thé camera Raspberry Pi NoIR V2 dé thu nhan anh. Két
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qué thyc nghiém cho thiy, thoi gian xtr Iy hinh anh trung
binh giam con 0,22s nhd s cai thién vé tde do truyén dix
liéu tir camera vé kit Raspberry Pi 3. Theo d6, mot thiét bi
camera xu ly cho phép thuc hi¢n phan c& tom véi tbe do
trén 250 mau tém/phut.

Hinh 6. M6 hinh bang chuyén don gidn
3.2. Mt s6 nguyén nhan gdy sai léch két qud tinh toan
3.2.1. Sai léch do hinh dang tom

Trong lugng tom dugc xac dinh dya trén két qua tinh
toan vung dién tich tom. Do vay, vi tri ctia chan du, chan
bung va dudi tom la mot trong cac nguyén nhan dan dén
sai 1éch két qua tinh toan. Cu thé, khi cac chan va dudi tdm
dua ra hoac khép lai s€ lam sai 1éch dién tich tinh toan.
O Hinh 7, nhing ving dugc khoanh tron mau do 1a nguyén
nhan lam cho dién tich tinh toan tang lén.

(@) (b)
Hinh 7. Sai léch trong tinh todn dién tich tom: (a) hinh anh cdc
vi tri gdy sai léch, (b) anh nhi phdn cia anh (a)

3.2.2. Sai léch do camera chup anh

Cac hinh anh dugc chup badi camera Raspberry Pi cho
thay khi dbi twong ndm cang xa trung tdm cua hinh anh thi
s€ co dién tich cang ting. Pay 1a hién tuong méo anh
Pincushion (méo ria canh) va dugc quyét dinh boi chét lugng
clia camera. Sai léch nay c6 thé dugc giam thiéu bang cach
str dung céc loai camera voi thau kinh ¢ chét lugng cao [18].
Ngoai ra, truong hop camera bi dat nghiéng, khong song
song voi mit phing chup anh ciing 1a mot trong cac nguyén
nhan dan dén sai 16ch két qua tinh toan.

4. Két Luin

Noi dung bai Viég da trinh bay tng viéc ung dung k¥
thuat xtr Iy dnh trén nen tang may tinh Raspberry Pi 3, ngon
ngl Python va t’hu vién OpenCV @d¢€ xac dinh trong luong
tom thé chan trang. Céac k¥ thuat dugc su dung trong qua

trinh xdc dinh trong luong tém bao gdm: thu nhan anh tom
tir camera, chuyén d6i khong gian mau, tach ddi tuong
bang k¥ thuat phan ngudng anh, xac dinh dién tich anh cta
t6m va xay dung ham toan hoc biéu dién mbi lién hé giira
dién tich va trong luong tom dya trén 50 miu tém duoc
chon ngiu nhién. Thuc nghiém kiém chung trén s6 lwong
50 mau tom thé chén tring dugc chon ngiu nhién cho thay
phuong phap d& xuét c6 thé xac dinh trong lugng tom véi
d6 sai s6 trung binh 1a 0,34g. Két qua nghién ctru cho thay
ky thuat ndy c6 thé mang dén mot giai phap kha thi trong
viéc ché tao thiét bi phan c& tom tu dong st dung trong cac
nha may ché bién thity san. Trong thoi gian t6i, nhom tac
gia sé& tiép tuc nghién ctru giai phap nham ting toc do xtr 1y
phén loai va cai thién d¢ chinh xac cua gidi thuat xac dinh
trong lugng tom.

TAI LIEU THAM KHAO

[1]1 VASEP, “Tom Viét Nam xudt khdu chiém 45% san heong tom todn
cau”. URL: https://vietnambiz.vn/tom-viet-nam-xuat-khau-chiem-
45-san-luong-tom-toan-cau-29334.html, truy cdp ngay 04/9/2018.

[2] QCM Technologies, “Mdy phin cé tom dién tr”. URL:
http://qcm.com.vn/, truy cép ngay 04/9/2018.

[38]1 AME Professional, “H¢ thong phan c& tém theo trong luong”. URL:
https://ame.vn/san-pham/thiet-bi-bao-dam-chat-luong/thong-can-
phan-co/, truy cap ngay 04/9/2018.

[4] Rahimeh, R., Mehran A., Behzad L, “A review on feature extraction
techniques in face recognition”. Signal & Image Processing: An
International Journal (SIP1J) Vol.3, No.6, pp. 1-14, 2012.

[5] Blasco, J., Aleixos, N., Gomez, J., Moltd, E., “Citrus sorting by
identification of the most common defects using multispectral computer
vision”. Journal of Food Engineering, Vol. 83, pp. 384-393, 2007.

[6] Jarimopas, B., Jaisin, N., “An experimental machine vision system
for sorting sweet tamarind”. Journal of Food Engineering, Vol. 89,
pp.291-297, 2008.

[71 Mendoza, F., Aguilera, J., “Application of Image Analysis for
Classification of Ripening Bananas”. Journal of Food Science,
Vol.69, E471-E477, 2004.

[8] Balaban, M. O., Giilgiin, F. S., Soriano, M.G., Ruiz, E.G., “Using
Image Analysis to Predict the Weight of Alaskan Salmon of Different
Species”. Journal of Food Science, Vol.75, E157-E162, 2010.

[9] Pan, P.M, Li, JP, Lv, GL, Yang, H., Zhu, SM., Lou, J.Z.,
“Prediction of shelled shrimp weight by machine vision”. Journal of
Zhejiang University. Science B 10(8), pp.589-594, 2009.

[10] Truong Quéc Bao, Nguyén Chanh Nghiém, Nguyén Minh Kha,
Huynh Hoang Glang Vo Mlnh Tri, “Phat trién thudt todn xar Iy dnh
aé phat hién va dém t6m giong”. Ky yéu Hoi nghi toan qudc lan thu
3 vé biéu khién va Ty dong hoa — VCCA 2015, trang 323-329, 2015.

[11] Python, Python. URL: https:/www.python.org/, truy cap ngay 04/9/2018.

[12] OpenCV Tutorials. URL: https://bit.ly/20IdVXA, truy cap ngay 04/9/2018.

[13] Raspberry Pi 3, Raspberry Pi 3 Model B. URL:
https://www.raspberrypi.org/products/raspberry-pi-3-model-b/, truy

cap ngay 04/9/2018.

[14] OHAUS, OHAUS lab balance. URL: https://us.ohaus.com/en-US/,
truy cap ngay 04/9/2018.

[15] Image Thresholding, Otsu’s Binarization. URL: https:/bit.ly/2MSIAI3,
truy cép ngay 04/9/2018.

[16] Excel trendline types, equations and formulas. URL:

https://www.ablebits.com/office-addins-blog/2019/01/16/excel-
trendline-types-equations-formulas/#trendline-equations-formulas,
truy cap ngay 04/9/2018.
[17] Logitech. URL: https://bit.ly/2YNRSWj, truy cép ngay 04/12/2018.
[18] Camera lens corrections. URL:
https://www.cambridgeincolour.com/tutorials/lens-corrections.htm,
truy cap ngay 04/9/2018.

(BBT nhdn bai: 25/3/2019, hodn tdt thii tuc phan bién: 22/5/2019)


https://www.cambridgeincolour.com/tutorials/lens-corrections.htm

