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Tongji University Master Abstract

ABSTRACT

The fault detection and diagnosis(FDD) of Heating, Ventilation, and Air-
conditioning(HVAC) system is an important means to maintain the normal operation of
the system and reduce the building energy consumption. However, a variety of reasons,
from data challenges to financial constraints and implementation obstacles, account for
the absence of widespread availability and deployment of FDD systems. Therefore, we
chose hot water pipelines, motors and square ceiling diffusers as research objectives
and developed an FDD algorithm based on RGB images and infrared images. In this
algorithm, RGB images are used to classify and locate the equipment while infrared
images are used to detect the faults. Compared with traditional FDD algorithms, the
proposed algorithm requires only RGB and infrared images and does not need to contact
with the equipment. Also, the algorithm can be easily deployed and the cost is low. In
practical application, the algorithm can be deployed on the inspection robot with RGB
and infrared cameras to fulfill the automated FDD process, and eventually the

management of HVAC system will be smart and automated.

The first step of the algorithm is to determine which component type the acquired
image belongs to. Therefore, for hot water pipelines, motors and square ceiling diffusers,
this paper proposed a classification model based on AlexNet convolutional neural

network (CNN) , whose inputs are RGB images and outputs are component types.

In the aspect of hot water pipeline, for the damage and stripping of the thermal
insulation layer and water leakage, this paper developed an automatic diagnosis
algorithm, including image segmentation, feature analysis and fault diagnosis. Image
segmentation part uses threshold segmentation and morphological processing; feature
analysis consists of temperature analysis, pipe diameter analysis and defect analysis,
respectively to determine whether there are temperature anomalies, pipe diameter
anomalies and defect anomalies in the pipeline zone; fault diagnosis unit outputs the
diagnosed pipeline type based on the results of feature analysis. The test results showed

that the algorithm has high diagnostic accuracy in experimental data and actual data.



Tongji University Master Abstract

In terms of motor, this paper first proposed a motor image segmentation method
based on R-CNN, and then simulated the poor ventilation fault of single-phase motor
under experimental conditions and carried on the dynamic analysis and static analysis.
According to the analysis results, this paper took the ratio of high-temperature area and
higher-temperature area as input, developing a diagnosis model for motor poor

ventilation fault based on K-nearest neighbor(KNN) algorithm.

As for square ceiling diffuser, the image segmentation method proposed in this
paper adopted R-CNN target detection algorithm, edge detection algorithm and
morphological processing method, which can extract the diffuser region in infrared
images under various working conditions. Furthermore, a classification decision tree is
developed to classify diffuser working conditions into three types: heating, cooling and
others. Finally, the paper analyzed the uneven heating fault of square ceiling diffusers
under laboratory conditions, and established a fault diagnosis model based on SVM.
The test results of experimental data and actual data showed that the fault diagnosis

model has high accuracy and a certain degree of versatility.

Key words: HVAC, FDD, computer vision, infrared image
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A, EE AR, TE BRI AR 2 B T O A R .

Eftekharit*#%45 A A FI 2L A AR ASCRAS U H S AL RE 58 4 A I W) 6 2% i
PR T — R T 2D R B TN R0, JFIE I SR IR 1 A R . %5
IR I AR R FBLES 20 RO P24, AL A X3 5 B 2 L T R IX S AR
(I EEAE, DL FML K X 3 5 L DX sl AR ) B DR AL AR A AS: I 7€ 5~ SR 4L )
[T 7 e g s - VAl s ™ B A E

[FIREHE, B0 RN B ST I IA) 5, SinghP145 A2 Y 1 A 24 BB AE
HL BN 20 A [ AR HH R e Aar U 07 V5 o ZE BB AL S IE], AbATTxs BBl HL i
JEBEATBRAS W, I T 5 R R BIATL L IR 1 A S AL B AT SR B TR R . 1T
RS FAET, AR 3T BAE R R 2 AR 1 205N i sl
BLE Y, AR 4 [ Br B S P2 (International Electrical Testing Association,
NETA) #il7E KIZLAMG AR HE (AnZ 1.1 Fros), K Rahfl S8 rgiR B Z 8 0 N
1-10C 10-20CHI>20°C =454, ERGH AR KB EIATRE, HZRih
ZRT 10°CHR R SN SR R s ELE AR i br ok AT s AL e 15 kA=
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R LIBTINETA H/ B Z0AM e I AR v

. FAUA T = TARL | & TSR EAE L b
RHZ s (o C) il
4 1-3 1-10 A REAEAEBRIG, FREE— DR
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F1E GE

RS T L . AT TR HHRPIRAS X 3k #5777 (Method of Area Selection of
States , MoASoS) FEUR E J7 K45 &7 — A U R &, SRA ST K4
(Nearest Neighbor Classifier, NNC) il &= # 7R 4 1% %4 ( Gaussian Mixture Models
GMM) S IE & AIAS [F) R B G 2H i B 1 R LLL A R AT 70 38, 1931 T R I () 5K

Crest

B 1 3 A R — e AN [ 77 R PR FRATLZE AR R A, 2 ATT0 T X 4 AN [R] i
b SR FATLZL A BB R TT T AR RIE 7

Garcia-RamirezP 54 FEL 73 O TAEZEANF R IS 5673, CABRHR B AbR
HEZAE NGETHRIE, A 1 Bl BRI 5T 5 I Co AT AN o = Rp LA s B 7 100 1
LA AN EE . 5 IR AL LA GO LRI, A il T 2 s G 2 A
¥t 1o AV Y 22 AR R I FHE

[T [ g e R ) 28 5 P i B S 2 3 B AT I B2 B T v, AT AR s e 41
AN X FLEAT X 4y 2EF NETA #5ifE, Singh 1 NaikanP'ggit- 1 HEALIRE
SIAEGIR I ZE B m T 3°CHT 10°CHIMR R i3, LA 1 Al i A AL 141 R
MZE . HAE RN, HA AR AL A G hE T ISR 2 3°CHIER &=
MECET IR H BRI AR BZ G N, M RA R ARG B, BT e Fm
AR B BRI RE BB IN, T IR 3°CH 10°CHI R R R B A & .

Glowacz* V3t T = AH P HBIHLIE S . 1 W S5 Ao 2R ik b = FofR &S 1 41
SAIRENR, TER TR TR 2 R X B0k #7775 (Method of Areas Selection of
Image Differences, MoASoID), FF45& G E 7 RIS RHE I &, R I 47
4% (Nearest Neighbor Classifier, NNC), K #J{H (K-means) F1Jx [ 4% ## £5 M
4% (Back-propagation Neural Network, BNN) =432 77 k5t G T I . S
SRR, =R REVE A 100%09 EHE IR A2

FEENITH, AT EETLANEG R R IS 7T, 2Tk 2 Had ot
FORTAT VR I AR IS 2 A MG b AL TR 1 0 A AT AN 2 I, SR b Hss &
BT A B2 B R .

W E ARG T R LL AN AR AT LI Bk B gk AT 12 W T B A
FHR LRSI 7 5 75 U874 2 FL IR 2 T #4090 D7 vk &
P 8 T 3k PS8 I A2 2 PR 73 94 IR S5 T B2 ) 520

i SR e 2L 2T ARG H R H T8 1 SR dH i i) Jo 4 i i A2 2 b o A
FX — BN A LIRS IEE € T T2, 2LANEMG BoR FL iR — AN 2R B R
BESTHARBSGH, FRRERIIZEE 5 2k AW

PR IPIE 3 1 21 41 AR AT S 2 BBl AR B (12 W, 3800 B TR il R
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Svai 155 N R BLLL AN A R AT LA D o 220 R g8 2 U B T LA AR,
DN e A s s N R AR B 55 2 AR I B B

Balaras!™ 145 \AE HAFFT P 1 RAE A D HECL TR, 204N R AR BLig
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2 & T ERME MRS R

F25 ETHERHEMBRIREF DK

ANTE] i e BN B AR 2 W i, DA BEAT B0 i Ri2 W 2 AT 3T 122
SN KA B0 & T WG B BT 02K

FEARTH, B0 BN A T ERNE ML IR A L5y, 55—
H 3 oA TARSCRAI AlexNet S ARMPL ML (K HARES M), a0 w2 T
AlexNet (LAY e 2 70 R T7 153047 1 1 WA I 3R 45 R 30 4T 1 118

2.1 EFMEZINLE

20 A2 60 AR, INEKIZFL K Hubel Al Wisel 7EX 5 IR0 K R4 48 0
W3 T “IAZET” (receptive field) AOMES . H AN 848 5 F 2 10 Mg 2
fii b, F 1980 FEHEH THIZINEIHL (neocognitron) Y, B\ K& AL
ZEIIHT £ o 1998 4F, LeCun %8 N IE$E 72 TR 2 I B A M 4%, B4
4 LeNet, ZMZAET 5HFIRANES TG TR HERR, #Z NHT %
] IS 18 5% 458 IS & P TR 01

b 25 R 2 2 ST B AR BRI K Fé, 2012 4FAE ImageNet R3¢ FH#i 1S
FETRE 1) AlexNet 45 & FARNE [N 2855 K 1 P SEPE I RA, "EAMXAE LeNet FEAili N
R T MZehit, KA 7T KRBT ISR, BN X GPU #H471H5E 1 Dropout [
b G, BE TS TGS ) BRI E. Jit, RS M7
Fhox & AR T — MR IS 3 TR R, BEARFH RIS E VGG,
GoogLeNet. ResNet #iAHAk$E 1 ik, Wil 2.1 Rl

2 R

PSR RRER 14 Al

s ResN | ,| Inception
40 BV He T B E=ict ResNet

LeNet | — AlexNet Mo AR % B AR %

HnEr R Th e T
Inception V2 FCN
(BN) FCN+CRF STNet CNN+RNN/LSTM

2,151 B2 45 1) R IR
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ERAM % L ZUTERAZ . BIRE . B (Pooling) JZ. AIEREE M
HE i 2.2). BN Z AR EIR, SRR AT BERHE RS I itz 3t
TR IR e, R T 03, th 2 S SR 45 R

————————————————————————————————— A

B 2.2 R W 2% s TR 45

2.1.1 ERE

GRS —MH WSk BB AL B D535, AT ABEAT BB A Bl . Ao DL R 2
il K23 A T KBEREENERE, B Eiiiei 1800 , HLU
FrE bk (Stiide) WiTHAKE, FRLIFEMERHTaHE.
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113 1 i EE
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K23 KHEBEEREH
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52 B BT HRE MR R

ERRE LN SEHEGRRRN R D KM GG H5e. g
BUZIE B0 KNG AL R B SN R S B = A, BRI SRS 24
B5 A BCE F R R BB BB B B E K. B A BB AW =W,
BERIAN KK, BESKNS, HABAEEE P, W E R
N A:

W -K+2P
= +

TR BRI ZHGE I ZRAF 2T, AT A o 22 0 2% b R BUE,
RN 5X5 83X 3 RN ARSI A Y B R AR ORI ] (feature map ),
H B3R B RUE S ] R Y, R B RE MBS m RO R R ) — 73, 3K
RBP4 BAT I — KAl REIER . DEIL R BRI M 2415 —
K5, BIGRARIEG B, SHARRENE, BKkEGBILEEREN
I S

PR RS, ik, EEPRMIMEIRZAT, S RE RS EAG
RIS H PR R IR, ARERYEACRIZE, NSRRI LR RIRIBRE . BRI M2
w5 i FH PRI BRI B0 2R M R R A (Re LU, & 18 SURH R G A0 T B«

f(x):{x x>0 (2.2)
0 x<0

N 1 (2.1

A
1) 4

2.4 ReLU ¥ &%
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[FIGF R B2 AR ST T BRI 2 R G2 W A0 7T

2.1.2 k2

WA E—RAEERIZZ A, B0 H B2 G R SRR R IS AT P 4E, ik
SR NI SHNTE R R, B E . W IR SoME L R ME L
AP EEAL, B 2.5 286 1 R AL AR A E A R A

5{4\ 2 . s
BB 2X2 D 8 | 4
1] 2]l s]1 >
2 13]]5]2
8 l6|2]|1 &7

Ty 2| 4
70714

7|2

K 2.5 Wit

FHLE, R MRART SRR, HE5EREAFRZNILERERZZ
T B HG R IX I — AN EH S . tAh, Wik R R IR — R L B AP
A, IR AN AV BT ZER P S 2h 2 BB B H A AL B
AL 2 1R K 22 Bk AR ] AORFFANAL o

2.1.3 &FER

EIER RS P AR S R RAE SR B R AT 2R B )R
NAREERREN, CRA S bR A R R 58 A & SRt T B ie
B R bR B SRR BB IZ R AN G S e BN EIEE R
&, ERM X FERBRIZET S5 R nE %,

2.2 AlexNet HEFRHLZMLL

AlexNet £ 2012 £ ILSVRC (ImageNet Large Scale Visual Recognition
Challenge) KFEH, LA Top-5 F 1% F N 15.3% 1) I Sidi A5 et , il T 28 — 44 26.3%
[ Top-5 451 F02, IE 402 AT it , AlexNet & & FUHPEE 2% J jg s T IEET /4,
EEZG, IREERPZMZE G 7+ & A R0E, B2 MIREERME N 2%
EE AR B 7K.
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R s e R g S

% 2.1 )9 AlexNet TEHII N2 4544, ML T2 RTEIM%%, B EEEA LT
sie R ReLU Sd R, Weslod AR HAN = 5 EREBEIREG X GPU 54T R 4%
IS A B KA AL BV AL X E S, R Z B IR e e s K/ T
BRI RN g EE RGO, Ha] BRI R IE WG fEbriEfl
JZ K H R N )3 —4k  (Local Response Normalization, LRN), #& J#i8 )72
e
7 2.1 AlexNet M5 45 1)

JEH S5 LT s NN
MNE K/N: 227X 227X 3 227X 227X 3
” B 11X11 CR/N) L 96 (B=) 3 B
HHE 1 b L R 55X 55X 96
K. 4; HEF: 0; BUSKRE ReLU
wAEMALE 1 LRZ: 3X3 (KA 5 Bk 2 27X 27X 96
AL S 1 27X 27X 96
W LR 5X5 CK/N) L 256 (BE) ; B
HHE 2 " LD R 27X 27X 256
K. 1; HEHA: 2, BUSKE ReLU
I AEMAL S 2 LRZ: 3X3 (KA 5 Bk 2 13X 13X 256
FrEALE 2 13X 13X 256
BfNZ: 3X3 CR/N) L 384 (B) ; 4
HBRE 3 o ) 13X 13X 384
= Ko 1: 1%8: 1 0% K%L RelU
BfNZ: 3X3 CR/AN) L 384 (B) ; 4
GRZE 4 R ) 13X 13X 384
- Ko 1: 1%8: 1; 0% %% RelU
. BRI 3X3 CK/N) L 256 (BE) ; &
B S5 " + 256 CHED 5 13X 13X 256
£ 1; A 1; BEuEeREl ReLU
B AAEMAL)Z 3 BRI 3X3 (KA Bk 2 6 X 6 X 256
IEV)E 6 4096 MZJ0; Dropout; % B 4L ReLU 4096
EERET 4096 MZEJ0; Dropout; % BR 4L ReLU 4096
FIER)Z 8 1000 M#ZEG;  Softmax 1000

BEAL, AlexNet 2% o (1) 25— N AT SR AN IERE R HIE MM T Dropout J5 %,
FEMEEINNZREREF LA 0.5 HIBERAGEE—DRRRl= A2 ekt B 0, LA
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[FIGF R B2 AR ST T BRI 2 R G2 W A0 7T

S B AR RE, IR G . e — DNIERERM T Softmax bl HOR A
2o e A O RN SO R AR, B A (T

fy= sj a (2.3)
Z:k:lek
Forf, fORET B, a, NI  HIRAGME, T N
FHN ) Softmax #1155 BREUN -
L, :_IOQ(fi) (2.4)

Horb, L ONEE n MREARRIBUR AL TR S .

AERIL, 4 ERMEN TR, L =0, IERREBEBGEL. MEZRIZgE
FEL A R/ MEIR R BB RE . B ROV A FEAR IR R BRI, R BEAR IR 45155 R
BOVEHRSE T N ANFEARSUR R BN T, RIEXWT:

N
L:%Zg (2.5)
n=1

Horp,  NOVBIREREA B

2.3 ETF AlexNet BOIZ &5 2

FEARNT, BATEZITILIET AlexNet PIZE B & KI5, EEXFHIBE &R
RUNKE . BTG TR B . FRA1TE S0 L ah 2 s S 4 8 8:2 By LL A3 73 il 25
EAMNAEE, & BT 7 ER gy mdE . Hk, AT TG B R RN
BN 227 X227 X3, LA &2 AlexNet M I NER . )5, WATRA TiEH”
227, BTSN ZRIF ) AlexNet EFUAHZ W& 1 i J5 — N i 2, #
BHARZ S HOAE, B8R & I B R SR b AT A A I SR AN B

2.3.1 HiEiEE

FEARTCH, B E G o e BR AR S i 15 O T dl i R AR BER Y 78 e 4
B IEAE RSB A SR R AR BRI 1672 5k MG, HP S T /KE R 297
gk HHLEIE 927 5K A1 LB 2 14 448 Tk . LB )G, BURET R T
80256 TR, NIFIRHEARLE) 48 5.

2.3.1.1 s
BAE 5 )5k 2 — BB, BRI 2.6 s, RATAEHEE IS5 R AL
JREHR SRl B2 T A IR FRIR R B 2.6 2SI EGON IR,
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52 & T HERMA MR K

I EGBIAE, A0 EEONEBTER SRR EE, AR -G, 3t
TH A o BETHE AR/ TR R 58 FE AN = BE A o7 22 DY, B Js BRI 58 W
A H TR ETAE 1 5E R R 43 5 0.8W F10.8H o A SCIE BRI BT AL E S 5 K
B B E MM A EM. A TANPL.

2.6 FGHEY

2.3.1.2 JLiET#e

BEAh, FRATTIR A T e e A0 i B0 0 T L AR AR 0 75 v, A& A (X%, Y,) GRS A
W eRe T 0, AR5 BIARER (X, Y,) H:
cosd sinéd 0]

—sind cosd O (2.6)

0 0 1

X v U=0[x ¥, 1

R(X,, Y,) Eck T BRI 5 B A RR (X,, Y,) -
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1 0 O
0 -1 H
0 0 1

X, v, U=[x vy, 1 Q2.7

HerHNEG S

AICEEL T 0=90, 180, 270 =™ FExt#E Y Ab B f5 15 21 1 UG AN B 50
AT R AR, JREMLIERN BT R E R, IS RIE 2.7, AR, &1
BB U AR e, HREY G2 T R AGEIE R ) 48 £

JK Ji P T L

iR 180° MR 270° JORPEHIER; 1800 BELBEE  URPEHIER270° T ELEMS
K 2.7 et Al B I o

2.3.2 EBK/NMNA—1k

WIHTHTIA, AlexNet 285N Z0F G RN 2k, B, 7724 A B
BEIRNJREEy 227 X 227X 3,

W SEER 2 N T G, H WA RIS (Nearest-neighbor) 1
Bk WM (Bilinear) HH{EIEFIXAL YT (Bicubic) #H{AE, 1K 2.8 Fin. i
T AT AR (B VA A S PG R BB 8 3R B AR R KB IR T 450G = i, 2
PR R e TR B v AR AR e IS PR R AR B B AR ) AN B A R R B
WL AT A AR i, E AT H 7 [ B4, B ATAT 5 )
(AR, BTERE T 4 NSO RERKEE T EME R EAE, tHHE RS
B0, (HACER S RS T . OB M S BT T 2 2R IR A2 X ZE E v,
SEARSCRAM T, WAL ZEFEAFET 16 MRirdhs, HitE A F5,
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V(X, y)=23323:aijx‘yj (2.8)

Horb, (x, y) AR T AR AR R ALE, v(x, y) WETB R, a, WREL
H1 16 ANl 98 3 5 H AR KT FEBA5E -

S SRS LIS RPA AN % L5 e %

B 2,804 =Rk i b A

2.3.3 MG ELER

IEH# 2% 20 A DAFE 1548 W2 I 2RI TR) A il B SRIGANER I 40 2R A0CR, BRIk, A
SCR AT 2 BT EER IR A T35 0 R BRI & M 2%, SRR
MATLAB.,

1T AlexNet 2452 Xf 1000 MIAEREAT 732, ffa—EERZEH 1000 4
T, TASCRE R KE . BALRTT TR B &8 =Pl & R AL T 40 28, TR,
BA T B G — M RERE R R/IMENCH 3, FRRZE R % ) A B 5 ) 55
BN 50 F1 500 EEEUF TSR AlexNet RN LS f5, FRATTIEHE & 4T H1Il
ZRER RN T IR 28 AT I ZR AN, IR AT SR AN I 2545 2 B A R 22
W28 PERE, HoE XA
I RIEIRIFEA L

FEARLHL

Kl 2.9 MBI grad FER s th 2k, WA B E IR 2.2 AiR.
Yt F24E 30 M EIAEE Cepoch), BEANEIE X —HEFEAR WU 2508 — R IEAR

(iteration). HHIE 2.9 FJLLE H, HEIEGHCKT 6 I, PSR RKEECBET
FRoEHEEET 0, B, b n] b (1A 2Ok 40 50 X 25 1T 2R R I [A]

R = x100% 2.9
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Loss

0.5
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0 2000 4000 6000 8000 10000 12000 14000
Iteration

K 2.9 IRt Rk 2

3R 2.2 ATLAEH, USRG2I B 28 £ MINAEE B 170 R 2 18 99.68%,
Y 12 28 Be BN AERR 34T Y& BRI 732K . O T S8 BDULHB R 1% I 2% 7328
W& BRI, 1B 2.10 Z128 1860 BRI 70 2RE 1, 73 K45 K E K]
BRI KEREL, 7RG R/ AL BUR BRI AR, 73 2R 45 5 K
1R B AR 9 77 T o 2 2R 4
#* 2.2 TR NGRS HANMNRLE R

WEFR WEFIER e HImyIR [5] & % e
50 50 128 0.00005 30 99.68%
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=
=

predictimage: /K %2 HiHL predictimage: /K% Hi L predictimage: /K %% H L predictimage: /K % HLHL predictimage: /X I
. b M {H |
a!ﬁii .1 IﬁE
predictimage: /K% L predictimage: X [ predictimage: /K& predictimage: /K& predictimage: /K&

-
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ﬂ
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: A
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= T :

«|

I

4

K 2.10 #B7> EE KA R

2.4 KEIE
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PR E TR AT,y o GARRY], 48 RAIEAS 2 S AR TR 99.24% R
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o~ B 5 A CV, MU ALEE IQR, AFNRFALAE, 5L 13T SVM HIE KA 2]
RIS WA o 20 S0 K AN SE PR B AR 38, 22 Wi A B A s R HE R PR AT
—E I
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84



Fowm DLMEE

TR =Rl ise 2 BR 10 73 F A

(2) BFXF HOKETERITEBE . BRI EEE, AR SOFk 7TiEHTHoK
EIEME B FEINE, JHRM T EEREZ T BRI AR 7 M K s 2
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Ot 2 AR K R, (B AN BE VPl H ™ AR, BE— 2D 78 T AXT B BEAT Ji&
It

(3) ARSI AR M NLLZLANZ W (038 P ), 36 75 22 50 22 T o0 itk
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