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o TIRSW P (HWUME ), O (FTIWIHE ), COS (HEEEK)

3.1.2 {1028

ETHRUIZFREBRUNSHEAELR

# BEDRX
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- normal range: [lower threshold, upper threshold] # IEESESE
_ g _ _

- extreme range: [extreme low, extreme high] + WMETE
- statistical base: mean * std + SItEE
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3.2.2 o HE

BITRE TS = Efi2o07 - » (MEHD)

3.3 MR IES (20% )
3.3.1 MR BRI
BIdENHEFREER R EERE

-- EFBERRESIT
SELECT COUNT (CASE WHEN 10 current > 3.0 THEN 1 END) as 10 fault count

-- BERRERESRL

SELECT COUNT (CASE WHEN ia current > 25.0 OR ib current > 25.0 OR ic current > 25.0 THEN 1 END

-- BERESIT

SELECT COUNT (CASE WHEN ua voltage < 4.0 OR ub voltage < 4.0 OR uc voltage < 4.0 THEN 1 END) a

3.3.2 {15 HH

o BERNME-5% : {1209 ; >2% : 107
o HRMERS 1% : {155
. HERYERS2% : H125%

3.4 BEREBYS (10% )

3.4.1 RERISHR
o BUESTERM  SSEREUEE/MEKESE
o BIE—BH : KNUREHBE (WM =HERTLHERB )
o BUERISE - BIE LR RS

3.4.2 PO HREE

 BIRTEM
completeness < 80%: 1304
completeness < 90%: Hl15%
# ATRBIER

suspicious rate > 10%: #1209

3.5 BB ITD (10% )
351N
ERAGHEIRASESMERSBNTLEY

b GMEIRTENE
slope = (n * S(xy) - Z(x) * 3(y)) / (n * (x2) - (3(x))?)
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35.2 REBSEIR5

o ERET{LIE [slopel>0.5A/K : #1105
o ThERIF{LE slopel> 10kW/ X : 1105
o« BEFR (<7X) : 1205

4, FIARRH
4.1 RGEH

1 [ 1
BREXER | —-| BREAER | —-]|
(XTU/FTU) | | (TimescaleDB) |
| | |

[ 1
WHHER |
| (Perl Module) |
| |

4.2 BBERIT

421 OREN

-- BXXR  FRENSE
FactPowerReadings (
TimestampKey BIGINT,
FTUKey VARCHAR(50),
ReadingTimestamp TIMESTAMPTZ,
-- 13BLENSE

[

| ZR@HEE |
| (o /2PT) |
|

I0 Current, IA Current, IB Current, IC Current,

UA Voltage, UB Voltage, UC Voltage,
UAB Voltage, UBC Voltage, UCA Voltage,
ActivePower Total, ReactivePower Total,

);

-— BERFTURRER
DimFTU (
FTUKey VARCHAR (50) PRIMARY KEY,
FTU ID VARCHAR(50),
XTUKey VARCHAR (50),
-- REEMER

Power COS

DeviceName, OperationalStatus, VoltagelLevel,

City, County, Substation, Feeder

4.2.2 NEFBEEL

—— BlETimescaleDBEI

SELECT create hypertable ('FactPowerReadings',

'readingtimestamp’,
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chunk time interval => INTERVAL 'l day');

-- tIEXERs
CREATE INDEX idx factpowerreadings_ ftukey ON FactPowerReadings (FTUKey)
CREATE INDEX idx factpowerreadings timestampkey ON FactPowerReadings (TimestampKey) ;

4.3 Perl iR 1t

431K EN

package FTU::HealthScoring;

t EBHE

- new () # FMEEE
- calculate health score() # BIRETD
- calculate batch health scores() # #Eif%H
- _calculate telemetry health() + ENRRE
- _calculate operational status() # BITIRZA

- _calculate fault frequency() # WEMER
- _calculate data quality() + BIRERE
- calculate trend analysis() + BB O

432ERER

+ BEEE
threshold config => {
"TAT =>
"lower threshold" => 6.618440,
"upper threshold" => 19.227284,
"extreme high" => 25.0

+ MERE

scoring weights => {
telemetry health => 0.35,
operational status => 0.25,
fault frequency => 0.20,
data quality => 0.10,

trend analysis => 0.10

5. fEFEra
5.1 B4 A%

use FTU::HealthScoring;
use DBI;

# 1. BUREERE
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my $dbh = DBI->connect ("dbi:Pg:dbname=powerdb;host=localhost",

Susername, S$password) ;

# 2. BIBFONR

my $scorer = FTU::HealthScoring->new (
dbh => $dbh,
debug => 1

)i

# 3. BREBWSD

my Sscore = Sscorer->calculate health score('FTU001', 30);
print Mg EITD $score—>{total_score}\n";

print "#BEEH: Sscore->{health level}\n";

4. HETS
my @ftu list = ('FTU001', 'FTUO0O02', 'FTUOO03');
my S$batch scores = $scorer->calculate batch health scores(\@ftu list, 30);

5.2 o4 REW

ftu key => 'FTU001',

timestamp => '2025-05-27 10:30:00",
days_analyzed => 30,

total score => 85.3,

health level => 'R#’,

§ DTS
telemetry health => {
score => 82,
issues => |
{
parameter => 'I0',
violations => 15,
percentage => '2.1%"',

severity => 'high'

1,

violation rate => '0.038'

by

operational status => {
score => 90,
issues => [],
analysis period => ' 30K
b

fault frequency => {

score => 88,

issues => ['EFERRENERRS: 2.3%")
b

data quality => {

score => 95,
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completeness => '98.5%"'

by

trend analysis => {
score => 85,
data points => 28
br

# R

recommendations => [
"REENEZRIRS , RENERE,
"OMTRERE , haRTR L

6. RER/B
6.1 BIRIES

o SERHE : EFTimescaleDBH R FHIEE | XEXriEin
o HEM  ETAENERENSIUTRE , T2 EMER
o RIEM BB NENHETRERE

o FEBY  XBWMETI4ENSHK

6.2 WEME

B - RENAGIRERE | BOHESFS
o BHMRIL  BLRBRS , RICEFRFREE
REXRF  NRBENQUEREHREXE
BA#H - RRREHEERNEFHRE

6.3 EAZR

BLRMFTUIRZH B ¥ k2
RERERSHER T
ST R HIEMLIL
REFENEHE

7. BB RE 4D
71 REER

o BIWEE : PostgreSOL 12+ with TimescaleDB
o BEITERI : Perl5.20+
o HXWIIR : DBI, JSON, List::Util, POSIX

12 B RIM

1. REHIEEMTimescaleDBY B
2. BIEBIECEREN
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3. BB PerliT o R
4 BEBERBEEEESH
5. izt ¥ 2 Thae

7.3 £FEW

- EHRERNERENSEN
s RERBREFENESHK
o WERTH REHMEEREIR

o WERAFRBRITDEE

8. &ML T m
8.1 =ML

o BIANBRFEIERRATN EHEME
o WIMREFXRBNHTRERENER
o MALFERNNBRE

8.2 ThEEy &

o DA EEB DM
o XFAETSAM
- EREZHER ("R, AFE)

8.3 NAHR

o TRIHMRAEMRE
o EXIIMBZLERS
o FERBIWMA

RAEER  FTURERRBEITFS R vI0.0
EH AR 202565827H
BARLR  BMA RS sz 4 H A
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