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TOM TAT:

Bai bao gioi thigu mot thuat toan loc sai s6 tho dé tu dong loai bo céc gid tri do khong phu hop, do 1a cac tri do bat
thuong bi phan tan do nhiéu nguyén nhan gay ra. Bén canh d6 thuat ton cling xac dinh duogc két qua do trung binh véi
gia thiét rang sai s6 ciia cAc tri do 14 sai s6 ngau nhién. Trong d6 cac tri do dugc thu thap thong qua 1 hé thong do xa
ung dung cong nghé loT Gateway, cac dit liéu do nhan dugc tir cac sensor do luong va duoc giam sat trén Web Server.
V6i két qua nghién ciru va chay trén md hinh thuc té s& cho phép ting dung thuét toén nay vao céc hé théng do xa ung
dung cong nghé 10T nhim céi tién va ning cao do chinh x4c cua cac phép do.

Tir khoa: loc sai s6 thd; sai s6 ngau nhién; thuat toan loc théng minh; loT gateway

1. Mé dau

Cudc cach mang cong nghiép 4.0 dang ngay cang phat trién & Viét Nam va Thé Gigi. Bong hanh véi
su phét trién do, cac hé théng do xa da kénh tng dung cong nghé TIoT Gateway va Web Server d va dang
dugc khai thac va tng dung rat hiéu qua trong thuc té. O bat ky mot hé thong do nao ciing khong thé tranh
dugc su xuét hién cua cac tri do di thuong khdng mong mudn, d6 1a nguyén nhéan gay ra sai s thd. Hau hét
c4c tin hiéu do s& tac dong toi dau vao cua cac hé thdng nhan dang, giam sat va diéu khién va n6 sé lam sai
léch cho cac quyét dinh. Mac du trong thuc té da c6 cac cong trinh nghién ciru véi nhidu cac giai phép khéc
nhau duoc &p dung dé loc bo cac nhidu loan nay. Tuy nhién xu thé hién nay cho céac hé théng loT 1a st
dung cong cu loc mém bang nhiing thuat toan thong minh duoc nhing vao thiét bi thu thap va xi Iy dir lidu
hoic c6 thé xir ly trén Server. Viéc nghién ciru &p dung thanh cong thuat todn nay s& gop phan nang cao do
chinh xac cua cac phép do ciing nhur giam thiéu céc sai léch dbi véi hé théng do xa ing dung loT Gateway.

O Viét Nam, dic biét trong nganh do dac trac dia, cong tac xir Iy cac két qua thong qua quan trac 12 rat
quan trong. Trong mot bai béo cua 2 tac gia: “Tran Ngoc Pong, Nguyén Ha(2014) ” c6 dé xuat mot phuong
phép kiém tra sai s6 vuot qua gisi han trong cong tac do, quan trac lGn c¢ong trinh. Giai phap dugc nhém
tac gia dé xuat va da thir nghiém thanh cong khi loc bo duoc cac gié tri do bat thuong. Tuy nhién cong viéc
tinh toan ciing van mang tinh chat tha céng va mat nhiéu thoi gian. Trong mot nghién ciru khac cia nhém
tac gia “Tran Pinh Trong & nnk(2014)” ¢6 dé xuét phuong phap binh sai theo chudn L1 va phuong phap
Dikin ciing v6i muc tiéu xir Iy va phat hién tri do chira sai s6 thd. Tuy nhién cac giai thuat dé xuét lai kha
phirc tap va xu ly dir liéu van 12 off line.

Trén Thé Gidi ciing da c6 nhiéu cdng trinh, dé tai nghién ciru dé xuat nhiéu c4c giai phap cuing cac thuat
toan da dang. Dién hinh cac tac gia Y. Yang(1999), Khodabandeh A. Amiri-Simkooei A. R(2011) da dé
XUit phuong phap binh sai véi kha ning loai bo nhleu sai s6 tho trong tap cac tri do. Tham khao trong bai
bao cua tac gia Koch KR, Yang Y, (1998) da dé xuit y twong st dung bo loc Kalman bén viing (Robust
Kalman Filter), day 1a mot trong nhitng ky thuat loc nhiéu rat hiéu qua da dugc nhiéu nha Khoa hoc trén
Thé Gigi nghién ctru tng dung trong nhiéu linh vuc khac nhau. Tuy nhién céc thuat toan nay lai kha phirc
tap va rat kho trién khai khi &p dung.

Trong bai bao nay, cac tac gia dé xuit mot giai phap loc mém c6 thuat toan don gian, d& lap trinh code
va trién khai ma van dat dugc muc tiéu ciing nhu cac yéu ciu dit ra. Trong d6 bién d6 nhidu hay d6 I6n sai
s6 tho c6 thé dugc loc bo thong qua mot hé sé diéu chinh cua thuat toan. Két qua nghién ciru duoc nhom
tac gia chay thir trén mé hinh do xa thong sé d6 am ung dung cdng nghé loT Gateway. Vi két qua nghién
ctru bude dau nay cho phép tng dung vao thuc té cho cac hé thong do xa tng dung cong nghé 10T va giam
sét trén Server s& gop phan cai thién va ning cao d6 chinh xéac cho cac phép do.

2. Thuat toén loc sai s6 thd

Qua trinh do va thu thap tin hi¢u do luong s& khdng tranh khoi céc tin hiéu do di thuong tron 1an vao
céc gia tri do thuc. CAc tri do khong mong mubn nay cé thé xuat hién mot cach ngau nhién va khéng theo
mot quy luat ndo. Viéc xac dinh cac tri do sai sé ngau nhién dua trén gia thiét 1a sai s6 ngau nhién cua cac
phép do thuong tuan theo luat phan bd chuan (luat phan bd Gauss). Cac sai s6 ngau nhién c6 cung gié tri



thi o cung xac Suit, co gla tri nho thi xac suat xuat hién 16n va gia tri I6n thi xac suat xuat hién nho.Néu
sai s6 ngau nhién vuot quéa mot gid tri nao d6 thi xac sudt xuét hién s& gan nhu bang khong, vi thé két qua
do nao c6 sai s6 ngau nhién nhu vay sé bi loai bo. Co so ly thuyét cua thuat todn mé ta nhu dudi day Dang
Vin Chi (2017).

Thuec hién trén goi dir liéu c6 n phép do véi cac két qua x1, x2, ..., xn

Thuat toan gia cong két qua do va loai bo sai s6 tho duoc mo ta nhu lwu do hinh 1.
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_ Hinh 1. Thugt toan loc sai s6 thé va xac dinh két qua do
Gia tri tin cdy nhat dai dién cho x chinh la gia tri trung binh caa n lan do:
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Sai s0 tuyét doi cia mot phép do so vai gia tri trung binh
Ai=Xi - Xth

Theo dinh nghia sai s6 ngiu nhién Ai ctia lan do thtr i ¢6 thé coi la hiéu gitra két qua do Xi va ki
vong toan hoc mx cua no:
Ai=Xi—
Trong d6:
mx la ki vong toan hoc, mx = Xtb khi s6 lan do 1a tvong déi l6n
Xac dinh udc lugng d6 1éch binh quan phuong o*
Thuec hién viéc so sanh néu | Ai[>q.c* thi gia tri d6 s& bi loai bo, thuat toan quay lai va tiép tuc thuc
hién tir dau tién.
Trong d6:
g 1a hé s6 hiéu chinh vé bién d6 hodc do I6n cua tri do khong mong mudn can loai bo, thyuc té s&
tly thugc vao dbi turong do, yéu cau vé do chinh xac phép do dé hiéu chinh q cho pht hop.
Vi gi4 tri trung binh dai s6 con c6 mot sai s6 ngau nhién nao d6, nén ta dua ra khai niém la wéc
lugng do léch binh quan phuong cua gia tri dai so:
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Sai s6 ngau nhién dugc tinh theo:
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k: duoc goi 1a hé s6 phan b student, nd phu thudc vao phan bd xac suat ciia sai s6 ngau nhién,
cua loai dung cu QO va s0 lugng phép do n, xac dinh hé so6 k théng qua tra bang.
Khi d6 két qua do: x=xtb + A’
3. Xay dwng mé hinh @ng dung IoT Gateway dé do xa nhiét d - dd 4m trén Server
Nhém tac gia da xay dung va phét trién mot h¢ thong do xa tng dung cong nghé IoT Gateway dé
thu thap théng s6 nhiét do va do am, hinh 2, Pang Van Chi (2021).

Hinh 2. M6 hinh do xa nhiét dé va dé am 10T Gateway
M6 hinh gém co:
- Lora Gateway module: 1a mét thiét bi trung gian nhan thong tin nhiét do va do am tir cac Sensor
node tai hién truong bang song Lora va guri dit liéu do duoc 1én Server (Wifi/Ethenet/3G)
- Sensor node module: tich hop cam bien do nhiét va do am va truyen ve Gateway bang song LoRa
- Giao dign giam sat trén PC: dugc phat trién trén dich vu web hosting: OOOyvebhqst.com
- Cac thiét bi phu trg khac: hé thong pin nang lwgng mat troi tich hgp bo diéu khién sac.

4. Phét trién phan mém xir ly dir liéu eng dung thuat toan loc sai sé tho
4.1. Mb hinh céu trac xir ly dir liéu

M6 hinh hé théng do xa tng dung cong nghé IOT Gateway da duoc phat trién nhu hinh 2, trong d6
giao dién giam sat trén server duoc &p dung dich vu web hosting: 000webhost.com. Hé théng nay duoc sir
dung dé xay dung mé hinh cau trdc xu ly dit ligu, nén tang mé hinh co so& MVC (Model View Controller)
dé xuat nhu hinh 3.

Hinh 3. M6 hinh cdu trac xr ly di lieu MVC
4.2. Phat trién phan mém xir ly dir ligu

Phén mém xi Iy dit liéu trén Server dugc xay dyung trén nén tang .Net Core theo md hinh MVC. Chuong
trinh tiép nha[l dix lieu giri téi dudi dir)h dang json, sau d6 dir liéu s€ dugc xt ly theo thuat toan cé luu d6
nhu hinh 1 @€ loai bo nhitng gia tri bat thuong. D@ liéu sau khi dugc xir ly s€ cé d6 tin cay va chinh xac



cao hon véi sai sé nim trong mot giéi han cho phép.

Trong md hinh MVC, di liéu duoc giri dén Controller théng qua cau tric di liéu dwoc dinh nghia boi
Model. Controller s& tién hanh xu ly dir liéu va tra két qua vé phia nguoi dung thong qua View, trich dan
mot doan code thyc hién chuong trinh dugce cho nhu dudi day:

Trong doan code ham DataFilter()trong DataController s& xu 1y theo cac goi dit li¢u dau vao, va xuat
ra két qua.

0 references

public class DataController : Controller

{

{

List<Data> model = DataFilter();
return View(model);

}
1 reference
private List«<Data> DataFilter()
{
List<Data> inputData;
List<Data> errorData=null;
using (StreamReader r=new StreamReader("DataUpload\\datalog.json"))
{
string dataString = r.ReadToEnd();
inputData = JsonConvert.DeserializeObject<List<Data>>(dataString);

}
Trich dan mgt doan code thyc hién qué trinh xir Iy dit liéu trén Server duoc mo ta & dudi:

private List<Data> DataFilter()
{
List<Data> inputData;
List<Data> errorData=null;
using (StreamReader r=new StreamReader("DataUpload\\datalog.json"))
{
string dataString = r.ReadToEnd();
inputData = JsonConvert.DeserializeObject<List<Data>>(dataString);
}
if (inputData != null)
{
double sumTemperature = 0,a\
double sumHumidity = 0,2 )
foreach(Data dataItem in inputData)

{

sumTemperature = sumTemperature + dataltem.temperature;
sumHumidity = sumHumidity + dataItem.humidity;
3
int n = inputData.Count;
avrgTemperature = sumTemperature / n;
avrgHumidity = sumHumidity / n;
errorData = new List<Data>();
for(int i = 0; i < n; i++)
{
Data dataObj = inputData[i];
Data errorDataObj = new Data();
errorDataObj.temperature = dataObj.temperature - avrgTemperature;
errorDataObj.humidity = dataObj.humidity - avrgHumidity;
errorDataObj.datald = dataObj.datald;
errorDataObj.time_logging = dataObj.time_logging;
errorData.Add(errorDataObj);
}
Céc dit liéu duoc luu trir dudi dang ciu tric dit liéu json: trich doan code md ta nhu dudi:
{
"dataIld": 1236,
"temperature": 31,
"humidity": 81,
"time_logging": "2821-85-20 @8:12:88"



4.3. Két qua nghién ciu va thao luan

Tap dit liéu do 2 thong s nhiét do va do am la két qua chay trén h¢ théng IoT Gateway nhu trén hinh

2. Khi chua ap dung thuat toan loc, cong viéc xir Iy dé loai bo céc gia tri do bat thuorng khong hop 1y dugc

ap dung bang phuong phap quan sat bang dir licu va x0a thu cong. Cong viéc nay mat rat nhiéu thoi gian

va khéng hiéu qua khi lam viéc vai nhiéu dit ligu. Ca biét trong mot s6 g dung yéu cau phai xir Iy online

thi giai phap xt ly trén 1a khong kha thi.

Goi di liu Iuu trong co s6 dit ligu Excel dung dé test thir nghiém thuat toan mé ta nhu bang 1
Bang 1. Dit liéu do xa 2 thong s6 nhiét do va o am trén excel
id; "sensor"; "nhiet do"; "do am"; ''time act"
2574:"node2";"26.8";"81";"2020-12-14 15:08:14"
2575:"node2";"26.8";"81";"2020-12-14 15:08:16"
2576;"node2";"26.7";"81";"2020-12-14 15:08:17"
2577;"node2";"26.7";"82";"2020-12-14 15:08:19"
2578:"node2";"26.7";"82";"2020-12-14 15:08:20"
2579:"node2";"26.7";"82";"2020-12-14 15:08:21"
2580;"node2";"26.7";"82";"2020-12-14 15:08:23"
2581:"node2";"15.7";"06";"2020-12-14 15:08:24"
2582:"node2";"26.7";"82";"2020-12-14 15:08:25"
2583;"node2";"26.7";"81","2020-12-14 15:08:27"
2584;"node2";"26.7";"80";"2020-12-14 15:08:28"
2585;"node2";"26.7";"80";"2020-12-14 15:08:30"
2586;"node2";"26.6";"80";"2020-12-14 15:08:31"
2587;"node2";"26.7";"79";"2020-12-14 15:08:34"
2588:"node2";"26.7";"80";"2020-12-14 15:08:35"
Két qua thir nghiém thuat toan cho 2 bién nhiét do va d6 am trén cac hinh 4,5,6,7.
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Humidity measurement value
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Humidity value after error filtering
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Trén hinh 4 va hinh 6 1a gié trj dir liéu ban gbc xuét hién cac xung nhidu véi cac gia tri bat thuong
khéng pht hop so véi gia tri trung binh. Hinh 5 va hinh 7 1a két qua qué trinh chay chuong trinh loc sai s6
tho.

Chuong trinh dugc thir nghiém véi hé s6 loc g=const do bién d6 ciia cac xung nhiéu khdng c6 su dao
dong ngau nhién I6n cho nén céc két qua trén thoa man dwoc muc tidu va yéu cau dat ra. Tly thugc vao
moi trudng 1am viéc caa hé thdng, thuat toan c6 thé thay dbi hé s6 q nay sao cho phi hgp dé nang cao hiéu
qua loc sai so.

Thuec té xir ly dit liéu vai nhiéu ngudn gay nhidu khéac nhau, tin hiéu da song hai c6 thé tron 1an vao tin
hiéu do. Khi d6 dé xuat giai phap 1a c6 thé ghép tang cac bo loc trén voi nhau dé ting hiéu qua cua thuat
toan.

5. Két luan

Bai béo cung cap mot thuat toan loc bo sai sé tho dé xu 1y dit liéu do luong. Nhém nghién ctru d tng
dung thanh cong vao xu 1y dit liéu do nhiét d6 va d6 am duoc thuc hién trén mé hinh do xa tng dung cong
nghé loT gateway.

Thuat toan dugc danh gia 1a d& dang &p dung va thuc hién, nhét 1a viéc 1ap trinh tinh toan khong phic
tap, kha ning tinh toan nhanh. Véi két qua nghién ctru bude dau nay cho phép thay thé cac phép kiém tra
thong ké thu cong trude day dé phat hién sai sb.

Két qua nghién ctru dugc céc tac gia thuc hién trén 1 g6i dit liéu vai s6 lwong phép do khong nhidu
cling nhu bién d§ cdc xung con chua da dang. Tuy nhién thuat todn cling da dap tmg dugc myc tiu dat ra.

Trong thuc té hoat dong cua cac hé thong do luong xa, ngu0n nhiéu s& xuit hién ngau nhién véi véi
nhiéu thanh phan séng hai dugc tron I1dn vao tin hiéu do. Dé xuat tiép tuc nghién ciu cai tién ghép tang
thuat toan va thay doi hé s loc ¢ cac tang khac nhau dé c6 thé nang cao chat lwong cua bo loc va hiéu qua
lam viéc cua thuat toan.

Péng goép cac tac gia :

1. Tac gia 1: P& xuét ¥ tuéng, nghién ctru co sor ly thuyét, xay dung thuat toan, so dd nguyén Iy
cua hé thong, tong hop va viet ba[. o

2. Tac gia 2: Lap trinh viét code, phat trien mém nhing cho thuat todn va chay thuc nghiém
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ABSTRACT

Algorithm to filter raw error in measurement system using loT
gateway technology

Ding Vin Chi*, Pao Hiéu, Nguyén Thé Luc
Hanoi University of Mining and Geology

The article introduces error filtering algorithm to automatically filter inappropriate measured values,
it is an abnormal measured value that is scattered due to many causes. Besides, the algorithm also
determines the average measurement result, assuming that the error of the measured values is a random
error. In which the measured values are collected through a telemetry system applying Gateway technology.
In which the measured values are collected through a telemetry system applying Gateway technology, the
measurement data is received from the measurement sensors and monitored on the Web Server. With the
research results and running on the actual model, it will allow the application of this algorithm to telemetry
systems applying loT technology to improve the accuracy of measurements.

Keywords: error filtering; random error; intelligent filtering algorithm; l0T gateway



