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Bp AT s2 3 i) XNOR-net(eXclusive NOR network), SZHL T ¥
2RO IR R i AN PR Bz A, (H 5 0 R AR 4% AR L
XNOR-net 4§ B A BT ReAs ST 00, 2017 4F, Li G424 T —
e o sk 2 B Ak A B HORQ(Chigh-order residual quanti-
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Type 00: if | x(n) —x(n—1) [<Aand | x(n+ 1) —x(n) | < A
Type 01: if either | () —x(n—1) [< Aand | x(n+1) —x(n) | > A
or | x(n) —xz(n—1 | >Aand | 2(n+ 1) —x(n) | < A;
Type 10: if either x(n) —a(n—1) <—A and x(n+1) —x(n) <—A n=2, -, N—1 (3)
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Type 11:  if either x(n) —a(n—1) <—Aand x(n+1) —x(n) > A
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00, if x(n) is Type0O;
01, if x(n) is TypeOl;
10, if 2(n) is TypelO; ’
11, if x(n) is Typell
n=2, =, N—1 5

3T, Chang %42 T —F BC-QC g & J7 % SDFC=
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Table 1 Overviews of spectral coding methods
95 44 PR i B 1L FAAE LR /bits (CES 7 fifi 1t / bits fife % 5% W
BCO1 N 1 0,1 N KB
SPAM 2N—2 1 0.1 ~2N T
SDFC 2N—2 1,2 0, 1, 00, 01, 10, 11 ~3N VR
DNA 2N—2 2 00, 01, 10, 11 ~4N AN B Ay
XNOR N 1 -1, +1 N w4
HORQ KN 1 —1, +1 ~KN HH Ay

1E 9 B 1A% 25 1] K/ B, BCO1, SPAM, SDFC fil DNA
VU F G543 05 HORQ 9 — B 28 DU B 5% 22 4 i AH 24
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B R I T RS R 4 (A 5D, i AR B0 A
)T BOHE g B R 45 % 4 5% B Nebraska K 2% ## Khalid

N B R — 1SR, T SOR R4 T B
— M TEE . — 05k Z Br LUBEIE F 7 58 A4 A
ARG B b W g 7 B0 (0 45 1 25 00 B k. 22
HORQ 51 A FEE 70 M b 52— Fh ot 3 i pr — (e i Ak Jr
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Te BEME: R X PR EE Ave, X b 25 3 B 08
% Ave, 1558 X';

2: MR 10 R K B ZAH %R X ko KX B R EL ro s
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ik
ek F B (a8 b 1T Xeo» ISF<K
T R ORMG F B ZEAG T RDE G i X0
2: fEAE X X0 BN B Ave, 133 Xeos
3: &Ml Xro

M (9O —C10) F P RS R %1, HOBC 1Y = Bir 4 55 ]
PLUSRAS R BY F410 A0 4 B g 4 m] DL Ar B A 1~ 4 B i
wIF5 .,

YT IGHE RO R WUEAE X L0, 1], Ak e — B i i %
ARATRECH T i, AR B 5T R R AR 6 T T A k4T 2K 8 qE b
P, LURE W s ALB 8. o 5 A Ry ik AR, i HOBC
HAGIECH 4 By, 1~ 4 B fg 84 43 50 X5 i F BCO1, SPAM,
SDFC #1 DNA %ifid,

2 iR
5 AR G (R (2 1 R A L R

R TE A 06 1 B . X F 2 i O vk OR B iE A U7 1 HOBC
TE T A A 4 B 5 D A L AE T T A s LR, BEATER =

Ui 22 Bt Kt A M 28, HURROA () ik A g 1 5 ik

o 28 PERE .
2.1 HiLHEBEIAM

MAGEFH D i R rb o B R O O HE AT S0, BOE R
ENVIF A B A7 14 36 [ H 5T 98 A5 J5) 3 3% 2 (58 6 MO 07 9 6 3%
(minerals_nicolet_4024) , | & ¢ #% 7 Nicolet Yai% 1, %
JWHIA 1. 28~216 pm, #EBLECH 4 024 4>, A 185 4060,

X S2 B 614y B #E 4T T BCO1l, SPAM, SDFC., DNA #i
HOBC fy 4t , geit 1 & #7712 o 61 T IR R A A6 1% 4
FRFAE 1915 B8 (Entropy) FIFEf# it (Memory) ™, JE 1B IR
FRIE 5 I 46 Y6 3% 7 51 2 8] 1) )6 % % & BE B (spectral vector
distance, SVD) . ji%[a] Pearson Z& 4 41 5¢ 2 % (spectral corre-
lation coefficient, SCC) 1 3 % ffi ( spectral angle mapping,
SAMYUI &, 4Nk 2 iR,

F2 AEHBHEN AR R IENRDERELLER

Table 2 Coding performance comparison of different encoding methods for typical spectra

P PR R o  wmm
JE AR AR RERFHE JE R AL RERRRAE
BCo1 0. 960 — 0.491 - - 0. 879 0. 363
SPAM 0. 960 0. 969 0.491 0.491 — 0. 879 0. 363
SDFC 0. 960 1. 096 0.491 0.982 — 0. 879 0.363
DNA 1. 905 1. 096 0. 982 0. 982 — 0.951 0. 205
HOBC 1 B 0. 960 — 0. 499 - 0.073 0. 879 0.209
HOBC 2 1. 819 — 0. 994 — 0. 046 0.951 0.132
HOBC 3 fiy 2.541 - 1. 489 — 0.027 0.978 0.082
HOBC 4 By 3.291 — 1. 984 - 0.018 0. 986 0. 045
JER G TE 6.554 — 15. 719 — — — —
W R R
Note: “~—” means no existence.

a2 ME 1 H, OHOBC T % B i@ ¥ i 16 i
Sl U S T S I i e = L R TR
HOBC 1 SVD &2 3 & B i v ¥ %, 3 B 4 5 19 SCC & ik
0.97 Lk |, H SAM iy 4 #% f R 0.996; BCO1 fiy SCC 5
HOBC1 B #1%, {HH SAM i & F HOBC1 Bir; SPAM ffy
SCC B] B A% F HOBC2 By, HH SAM iE & F HOBC2 Fr;
SDFC #1 DNA (1% # 5 SPAM 24 {8l, @ HOBC 11§ 1~4 B4
AR & 4> %15 BCO1, SPAM, SDFEC il DNA #34. BCo1,
SPAM, SDFC # DNA i it 8 w7 4 1 3] 4 4S5 AN 55 11
A (AR AR T H AT, SR S s O R UAE % 5 i
HOBC E.74 B iy (4 file 75 55 44 7 1. 76 1 30 B 88088 (K +- 1
A IAKIESE Ave 1 K RIS R pro) s UK. ZEARH
BRI OL T » 1~4 By HOBC £ 12 43 5] 5 % i 1 pu Fop

Gt AH 4. BbAh . 25 I S R AE R W] . BCOL Al HOBC
AN TE R AR AT G B 5 17 H Al = X TR R A0 R 246 49 34 47
. LASZI6 R4 45 B9 B 4 (Actinolite HS22. 3B) )G 1%
By £ 97 B RS 25 R AN 1(a—D
GRS H R EE . OHOBC 7 B fift 65 i A4 1 51
5 0G0 % 2 1] T B R B ROk e (R 1D ], L HAE
S R AR I AT T B B, 3 R 4 Y A B 2 AT X R Y A A
FR . WS 2 000 PEBERTG (2. 53 pm, AN 5 P 4T Ah g Bt
R FNEE 4 000 P BEZEMN (108 pm, BILLLAME B , x4t
A0 e oAt g 4y 3X P R WX Bk, @ SPAM, SDFC il DNA
B, 14024 N HFRFEAE i 5, 40258046 Sy %t A R 45
TEM A0 s BRI AR AE T % . 5 BCOL[E 1(b—d) JH H.
DNA P& 1(e) JR B H — S, H5ERE
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(a): FhEE; (b): BCO1; (¢): SPAM; (d): SDFC; (e): DNA; (f): HOBC 1 s (g): HOBC 2 fir; (h): HOBC 3 Biy; (i): HOBC 4 Ff

Fig. 1

Encoding/Decoding comparison of different coding methods for the spectrum of Actinolite HS22. 3B

(a): Original spectrum; (b): BCO1 coding; (c¢): SPAM coding; (d): SDFC coding; (e): DNA coding; (f): HOBC 1-order decoding;
(g): HOBC 2-order decoding; (h): HOBC 3-order decoding; (i): HOBC 4-order decoding
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I 338 B 3 fom 2 S0 i) Xt 440 e v YO0 0 4R £R
BEUHR P (D T

(e): KM (D). i B;

(g): Mg B (b WHERWb: O B ¢ KEM; do. myuitiE

Fig. 2 Dataset of spectral reflectance observations in the Linze grassland foci experimental area

(a): Saline-alkali soil A; (b). Tall reeds with yellow leaves; (¢): Low reeds with green leaves; (d): Reeds by riverside;

(e): Water by riverside; (f): Saline-alkali soil B; (g): Sparse grassland; (h): Densely planted saline alkali soil;

(i) : Alfalfa fields; (j): Barley land; (k): The mean spectra of each kind of object above mentioned
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2.2 ZEIRNELRE

2. 1 T HOBC 5 U Fp X e 7 ik 7E 06 3% 4 5 5 Y
I ARL 5 T R S AR I AR A5 A O IE T B AR A 2 M g
4 o DFFCE A = 07 A TFEIR AL AR RE B, ORI A3 25 Ay
ASD FS3 Y634, Y34y #% N 3 nm@350~1 000 nm, 10
nm@1 000~2 500 nm, FEFHIEF 10 FHLE 2(a—k) ],
JEIEE R 350~2 500 nm, JEREEE F RS 1 nm, BR KB
FEREEE (1 350~1 420 f1 1 800~1 975 nm) J5 » 4 1 904 4
BB

X 10 Fi H M i g 4% O 3% 43 B AT Y AR X L O vk F
HOBC 1—4 iy g fih, S 75 BCO1 &5 ik iF 47 % W L 4
HOBC 7E A 52 % o A HT 4 8% 10 9F A 85 28 49 0638,
HOBC2 W gat B 2N £ 1 JF 5. /325450 B AL 2%
M (random forest) , PSR EEE Jy 1005 Xf 45 b 17 (4 O 33 B
HLEEHE 30 0 FE M Zr . HAEIRER T, 4 25tk Re 4 b A
Kappa 250, BAAEE (overall accuracy, OA) FIF-1 4358
J& AA(average accuracy); 4328256 ph 57 3E 4T 100 ¥, BUF
PIEVE N &5 R (K 3D,

£33 TRAHBFETHISLEBESIT

Table 3 Classification accuracies for different encoding methods

) gjﬁ g:g jﬁ if; BCOl  SPAM  SDFC  DNA Hl‘;;;“ H;;}Ef HS“F}EIL T;}E{L
M A 13 29 0.9197 0.8386 0.8872 0.8314 0.8979 0.8010 0.8493 0.8948 0.8776
I 17 37 0.8411 0.7484 0.9268 0.7735 0.7857 0.7530 0.8292 0.8559  0.8711
IR IR ES 16 35 0.8206  0.8946 0.9563 0.9397 0.9011 0.8980 0.9129 0.9180  0.927 1
MRS 8 16 0.7375 0.0856 0.2438 0.2206 0.5506 0.0975 0.5394 0.5675 0.718 8
T K A4 9 21 0.8848 0.8862 0.9895 0.8781 0.9238 0.8871 0.9262 0.9510  0.9252
P B 9 20 0.936 0 0.7820 0.8385 0.7810 0.7555 0.7860 0.7495 0.8040  0.8335
i I 18 42 0.8743 0.7940 0.9655 0.8386 0.9288  0.7907  0.9067 0.9181 0.9157
5 AH £ B 4 8 0.4988 0.5300 0.2988 0.183 0.3825 0.5000 0.7175 0.6750 0.6775
IEE ) 10 23 0.9791 0.7352 0.9930 0.9757 0.9565 0.7213 0.9513 0.9617  0.9713
K FH 6 11 0.9491  0.4109  0.7445 0.7682  0.9700  0.4391  0.8882  0.9264  0.9036
Kappa 0.846 2  0.6972 0.8434  0.7574 0.8239 0.6930 0.8294 0.8548  0.867 8
OA 0.8648 0.7354 0.8633 0.7885 0.8459 0.7317 0.8504 0.8725  0.883 8
AA 0.8441 0.6706 0.7844 0.7193 0.8053 0.6674 0.8270 0.8472  0.8621

SIS R F W T A STk HOBC 76 M W1 06 1% 43 28 iy
¥, HOBC 1—2 By 4 5 5 %% 19 47 f#% & AH 55 (19 BCO1 A
SPAM KB ALY 43 28K B 5 T HOBC 3—4 By 24 i% 0 B
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BRTF 5026 5 AR 17 35 — 25 25 B3 55 45 W Fh 35
Z5, FLTT 107 35 AR A AH 6 5 b, WO Ay RO AR, L
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A Novel Method for High-Order Residual Quantization-Based Spectral
Binary Coding
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Abstract Spectral binary coding and multivalued coding technology can make objects spectra match, identify, and classify fast;
but this kind of quantization coding methods will lose a lot of spectral details. and they cannot decode the reconstructed spectra
similar to the original spectra. So they were only used for coarse horizontal applications in the past. such as rough classification.
For resolving the above problems, a new spectral coding method, namely, HOBC (High-Order Binary Coding) was proposed
based on high-order residual quantization. First, the original spectra were standardized by subtracting their own vector-mean,
and thus the spectral sequences with a range of (—1, 1) were obtained. Second, the code with —1 and 1, its coding coefficient,
and the residual (i. e., the first order residual) of a normalized spectrum were computed. Third, the binary codes with =1 and
their coding coefficients of the residuals from Two-Order to K-Order were computed order by order. At last, the K coding se-
quences and their corresponding coefficients were obtained. Using a typical spectral library dataset, spectral quantization enco-
ding and decoding reconstruction experiments were carried out, compared with BCO1 (spectral Binary Coding with 0 and 1),
SPAM (SPectral Analysis Manager), a binary/quaternary hybrid coding, namely SDFC (Spectral Derivative Feature Coding) ,
and a quaternary coding, namely DNA. During the experiments, first, the information entropy and memory storage of spectral
shape feature and slope feature were calculated, respectively. Second, the spectral vector distance (SVD), spectral correlation
coefficient (SCC), and spectral angle mapping (SAM) between the spectral shape feature and the original spectrum were calcu-
lated. The results of above experiments demonstrate that, on coding memory storage, HOBC 1—4 order encodings are equal to
BC01, SPAM, SDFC, and DNA, respectively; on coding information entropy, HOBC 1—2 order encodings are equal to BCO1
and SPAM, respectively, but HOBC 3—4 order encodings are higher than SDFC and DNA, respectively; on SCC, HOBC one
order encoding is equal to BCO1, but HOBC 2—4 order encodings are better than SPAM, SDFC, and DNA, respectively; on
SAM, HOBC 1—4 order encodings are superior to the above four methods obviously, respectively; the four methods cannot be
explicitly decoded and reconstructed, but it is easy to reconstruct the decoding sequence similar to the original spectrum for
HOBC, and the SVDs of the reconstruct spectra are diminishing from a lower order to a higher order. Furthermore, the spectral
coding and supervised classification experiments of 10 types of ground objects were carried out on the open spectral dataset of the
Linze grassland foci experimental area. Results show that, on the three performance evaluation indices, i. e., Kappa value,
overall classification accuracy, and average classification accuracy, HOBC is superior to the four coding methods. Especially, the
classification performance of HOBC 4-order encoding is better than that of the original spectra. For the objects difficult to classi-

fy with small-sample and high similarity between classes, HOBC is also superior to other methods, and it is more robust. There-
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fore, first, HOBC can dramatically compress data. Meanwhile, its coding sequence can retain more information and have higher
spectral separability, which can be used for fast identification and classification of spectra with high accuracy. At last, its deco-
ding reconstruct data can also be used for the applications of target recognition and classification etc. , theoretically, for the high
similarity between the reconstruction spectra and original spectra.

Keywords High-order residual quantization; Spectral coding; Binary coding; Quaternary coding; DNA coding
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by home-built system to accomplish the qualitative identification of each encoded micro-quartz pieces. At the same time, the fluo-
rescence of the encoded micro-quartz pieces was excited and the fluorescence signal was collected to complete the quantitative
analysis of the target analyst according to the fluorescence intensity value on each encoded micro-quartz pieces. Compared with
traditional fluorescence-encoded suspension arrays, Raman spectra encoding method has the advantages of stronger stability and
higher spectral resolution. This optical system integrates Raman spectroscope and fluorescence microscope, which solves the
problem that there is no suspension array detection system based on Raman encoding method at present and can qualitatively and

quantitatively analyze a variety of target molecules at the same time, improving the accuracy of the experimental results.

Keywords Suspension array; Optical system; Raman spectroscopy-encoded; Fluorescence intensity; Qualitative and quantitative

analysis
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