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Abstract Based on polarization imaging characteristics and deep feature classification requirements, an object
detection method based on deep sparse feature learning of salient polarization parameters is proposed. First, the
salient polarization parameter image is constructed as the source image based on polarization analysis. Then the
sparse feature of the image to be detected is learned by discriminant dictionary pair, and the object is classified and
located by the dictionary pair which is used as the classifier in CNN framework. Finally, the typical object and scene
are selected for data acquisition and model training according to the practical application requirements of polarization
imaging detection, and some simulation experiments are conducted. The results show that the detecting score and
average detection precision of the proposed method are improved at different degrees by comparing to the
polarization direction detection methods and the effectiveness of this method is verified. The proposed method has
application value for improving the detection ability of polarization imaging effectively.
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T AR, AR S 50K : Intel (R) Xeon(R) E5-1660 v4
3.2 GHz,32.0 GB RAM,8 GB SGRAM, Windows
8(64 i) L it +Matlab(R2016a) , H T 4E H ¥5
K AT: 55 W8, 0K 73 A8 F I 2R S8 K Bl
20 3 7 B4 1k 2% 02 T U R A 32 AR Y aR 22 (E /D
T B E , 5250 R R 0.01 RBAE 7R S IA AL
SR B E 22 () 3R AT Ll A - A RO 5 6 (18) X
rFH Sk e o ARG IR BB RAS I 5 A Iy L DA
F QDX PRGN BT HE T S 0. S F IR
J5 Y B E R 0.5 Al 0.003,

Pl Faster R-CNNPI g BEA R AU AE 22, CNN =
HUAE ImageNet™! I ilb A7 W0 25, 4R )5 A FH R 46 1 40

B4 BENSE RS

i AT U0 U SR L F A S B R T SCRR 24 100 3R
INE . TR R AT S E AR A A B (E BE
s DM R AE 5 IR AR ICHE 19 32 B %L BRI ZZ I [ (ToU)
avu N T BAE T A aw <<0.5 A E N H 5.
a0 =0.5F1%E J H A5
6.2 EWEHERELBMAN

IDIRTE S épii= M

S T S U 3 M e IR 2 R IR RS O .
4 M1 AT E R IR, PRy AL 1
(airplane 1) . K#L 2 Cairplane 2) f1F % (truck) 4§,
4 R —AT RS B AR 0w Bk O 1 R 55 AT
SE RN B B R R RS R . AT LUE M R R S
FHEBRT 035 M 4k 2 i EHRE B A5 R A

(cl)

o (aD~CcDKAL 1, ®HL 2, RHEER; (a2) ~ (c2) W PEBE PR 45 R

Fig. 4 Results of salient parameter image selection. (al)-(cl) Images of airplane 1, airplane 2, and truck;

(a2)-(c2) salient selected results
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Je AR T AELJZ O M BE O AN 2 A T R4
A5 B0 175 T B8 S T TS B b o 22 S T

1 IRIRMHT B E VS B BRI BEE PP N 45
Table 1 Results before and after polarization analysis and

salient parameter image selection

o Airplane 1 Airplane 2 Truck
Criteria - S - S -
Salient 0 Salient 0 Salient
E, 3.75 6.84 5.29 6.54 6.22 6.77
g 0.31 0.29 0.36 0.39 0.87 0.61
c 5.55 29.94 30.22 25.65 75.69 44.19

AR B3R = AN 8 b 2555 1Tt A 0B 4 155 A 0 TR 1%
I, A 3.2 1 BB AR b L AN [ B8 AR R — H
TEA TR F 5 25 PE T L 8 5 09 Dt Ik 2 1 RV I AS
[, g g R n] LUE h, = HE5 00 % 1 H i
PR 00 A D I B2 UG T R DL R E | BG4
RAEM SRR L RERS B4 i i H AR M T — 2
8 AR AR DN A

airplane: 0.872

ANER 7 Al

E H bs A I 52 56 L 20 56 TR — H bs B A 6] H
FRAEAN )37 5% T AT A6 L I 55 8 4 0 it % D7 1)
PR I 2 S AT HO B, SE g TR R H bR o) 8 41
210 DMREA, 3 AR AS SR A I 22 BEREAUUA ) Ol IR
5 AR T B BG RS 350 SE P b AR R 4R
R T R AR A ] B 2 A K ARG R B RA KL
Kol A2 SR AP 5 B B R 45 B A
o5 DL O 7 (B S L 25 R AR AR B FRR S 0 T
B 17 5 BT L T s B2 BT IR I R B ST
AT LA S i Ik 2 B R A — 2 T LR AR
TSI IR A H AR O 5 L X R O T
RS 7 B T B AR D5 e R m AR
RORFIWITTT 55 F AR 98 (R 58 0 4038 se I A8 L BEAS 1L
BOEMWA Y 2. HORAE R A L AL 5 (a2)
(4 4 SHL R T8 o A2 1% 025 P 2 (I IR D) 1815
T %R bR B o 15 0 19 % sh HL R 2 e 1A
B2 Q SR EMER & 5Ca2) h/NE TR 76 AR AR
SRR IR e % G Ak S 1 B BAE D 0 2E E E R
RULIESHE 38

airplane: 0.664
[ |

airplane: 0.680
[ |

B 5 HAFRGWEER, D~ D P 1, KL 2, RERE; (a2) ~ (c2) % P B & 0 45 R

Fig. 5 Results of object detection. (al)-(cl) Images of airplane 1, airplane 2, and truck;

(a2)-(c2) salient image detection results

Dy it — A PP G I 2SR L H S I A 45 D AR O
T P8 LA R 4% i 9k 2 6 PR B9 4% B AR A 0K JEE L 24
{EF B E (mAP) EAT B UPE O, 35 2 PR T8
TR mAP LI A 250 17 PR BE CAP) fEL v SR A

FEom RV P B B006 L N3 7R % R I 2k i,
tank 1 K78 R 37, tank 2 KRR PP HbIH 50, 4521
FWT, 45 H AR 0 B4 O PR T o) e I 245 SR SR = T
P2 BRI SR H R — BAR R UL, 35 Pk Fk
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Table 2 Comparison of detection results of different image objects

Object mAP AP
Airplane 1 Airplane 2 Tank 1 Truck Tank 2

Polarization angle of 0° 63.88 69.3 61.2 71.4 66.4 51.1
Polarization angle of 60° 63.08 68.5 59.8 70.6 65.9 50.6
Polarization angle of 120° 63.42 69.0 60.3 70.8 66.3 50.7
I 63.72 70.2 60.1 72.3 65.8 50.2

Q 60.64 64.4 57.4 68.8 61.3 51.3

U 53.7 64.9 37.6 62.9 54.4 48.7

P 60.46 70.3 45.3 70.1 67.1 49.5

A 52.24 59.4 37.7 58.8 60.7 44.6

E, 61.18 70.0 57.6 67.0 63.5 47.8

E, 59.56 64.7 56.8 56.2 67.9 52.2

AE 57.74 64.6 53.6 55.3 65.4 49.8

B 31.85 N N N 23.4 40.3

i o 0 5 SR 38 3k = T O B 1] P 4GRS 2 2R L
Foh 5 HBRR, Hb 4 0B E RS B 4
ST IR 1) A A 25 5. WA, 3R 2 A B
3R T 25 i 41 2 6 A K B 22 S K, ik R TR Ol A%
T4 2 8 A B il & AN [R) 4 B35 415 3 R H AR 11 4 B
FRAE I8 O B A5 A5 2 220 i 1 A 35 5 b

FIAb B UE T R 73 2 AR AR A T Ik AR
CNN HEHE Faster R-CNN"/JEAT Hugse 4G 0 45 S i 3% 3
JiR . DA PR IR 2 i R R SE 5 X 42, score R

REIAS 3. DN S2 56 KA vl LR H L ) 7 i) gk A7
B AR 27 2] SR I AT H AR 43 28 F05E 67 1Y J5 i, Xof 41 3t
HE A 8 T R YA o AR 0 A5 20 £ v 3 A DA
JER A 2R FH softmax 432848 1Y Faster R-CNN 5 7%
H L S R SC 5 9 A6 7 UR 52 36 1 R T 380 SR AT BT 4
FEIBATRCRE L, T A e 47 i ) £ 2T CNN
IFIE) &2 2% B2 3% 3 P 932 47 I E] J2& LA 576 pixel X
447 pixel @) AL EMR A I R 1], 7T LUF A L5
Faster R-CNN #l L 7EIZ 17808 A i85,

3 N [RIREARLf Ao I 25 2R LA

Table 3 Comparison of detection results of different models

) Airplane 1 Airplane 2 Tank
Model Time /s mAP/average
AP/score AP/score AP/score
Faster R-CNN 0.7 66.1/0.741 68.1/0.842 59.5/0.619 70.6/0.762
Proposed 24 67.9/0.819 70.3/0.897 61.2/0.680 72.3/0.881
74 i R R B P LR 8RR R A 2 ST AR, AT 2 v
A ()

BRSO PR AR F BRI b B RS B R R
FUb 2 7s B U 55 7E A TR H bR X8 52 F 5 —
ol 8] 7 i i S ik PR 0 T8 B S B s SR A TR, i 1y
BT A IR 2 i PR A5 R B o A 2 > 1 i i
PG BRI 7k . T8 bR 22 A S50 1 B 4
A AR ) A5 B 5 R O AR 2 L O LUR i 34 1Y
ML A B 2 2 AE R R B 2R AR LA T H
BRAGLIN M) P I 1) A% 7 X o3 26 45 5 AT v 1) I 2 > A
CNN ZHCEHT . X SEPR FARERN b 4 480 [ 5 A0
SRR I Bk A RO AE S PR R H
PRAERIIAE S5 b o B bR s S 2 B0 A2 2% . an ey 5873 #1)
FHRDN A 1) 49y B I i U A5 Bl e o 25
H CNN BIF5E BRI A A [R] fi $ 2 [R5 9 TR

R RE AR AS 2 — 22 TS A
2 % x M
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