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Greedy-NMS

Bt s, RARER A, M LAEH ON),

input : B=by,---,by,S =51, ,5n, Nt
B is the list of initial detection boxes, S contains corresponding
detection scores, N; is the NMS threshold
begin
F+—{}h
while B # & do
m < argmax S;
M < bp;
F+—FUM;B+B-M;
for b; € B do
if iou(M, b;) > N; then
‘ BHB—b,‘;S(—S—S,‘;
end
end

end
return F,S

end
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® Greedy-NMS 2% iou X T F{a, W AMEMXiZE, BHKE
13 B 09l AR M) 2 ;

* HliritA2id 42 Soft —F;

o Fiou KTHMEL, BARE-ANETNHT,

® Soft-NMS — Improving Object Detection With One Line of
Code(ICCV 2017)

Box; BFESIEF (M, b;)

f(M b) . 1, iOu(M, b,) < Nt
] 1 —iou(M, by) or exp(M), iou(M, bj) > N,
(1)
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Soft-NMS

FORE VM E—/ Box, B ZIBEAAH O(N?), 1225473 %
KATH 4=

input : B= by, by, S =51, ,sn, Ne
B is the list of initial detection boxes, S contains corresponding
detection scores, N; is the NMS threshold
begin
F Ak
while B # & do
m < arg max S;
M < bm;
F+ FUM;B+ B—M,;
for b; € B do
Sj < Sj - f(./\/l, b,‘);
end
end
return 7, S
end
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Adaptive NMS: Refining Pedestrian Detection in a
Crowd(CVPR 2019)
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® CNN solves everything;

® | Lk —ANIFAT B9 P 2 TR 5 EAS B

JERE R & BAE;
e Adaptive NMS: Refining Pedestrian Detection in a

Crowd(CVPR 2019)

M BIEIE N

Naq := max(Ny, dag)
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classification

- Nearby Object Hallucinator
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Adaptive-NMS

input : B=by,--- ,by,S =51, ,sn, D =d1,--- ,dy, Nt
B is the list of initial detection boxes, S contains corresponding

detection scores, D contains corresponding detection densities, N; is the NMS
threshold
begin
F+—{h
while B # @ do
m <+ argmax S;
M < bm;
Ny < max(Ne, dm);
F+ FUM;B+ B—M,;
for b; € B do

if iou(M, b;j) > N, then

| B+ B—b;5+5—s;

end

end

end
return F,S

end
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o Ut — oA B B R B B 69 SEIL;

o LApH B L AIE, EEEKRYEHLT RILTAT;

o Bt H R EMALET L= AEMEGITHE, X—FER
O(N?);

® YOLACT: Real-time Instance Segmentation(ICCV 2019);

® “In the Mask R-CNN benchmark suite , Fast NMS is 15.0 ms
faster than their CUDA implementation of traditional NMS
with a performance loss of only 0.3 mAP.”
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Fast NMS

input : B = b, by, S = s1,--- ,sn, Ne

B is the list of initial detection boxes, S contains corresponding

detection scores, N; is the NMS threshold
begin

end

F Ak
Sort (B) in descending order based on the key value S;
IOUNX/\/ +— 0;
for i:=1 to N do
t < 0;
forj:=1toi—1do
| t:=max(t,iou(b;, bj));
end
if t < N; then
| F<+ FUb;
end
end
return F
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® Cluster NMS(Enhancing Geometric Factors in Model Learning
and Inference for Object Detection and Instance
Segmentation, TCYB)
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45 & Adaptive-NMS #= Soft NMS #9454 ;
o FE KEHME R AT HE, mARA—ANSHHT

NOH JESIEF (M, by, dus, pa)

Pppi(M, bi), dam > dy

f(MabhdMupM) = { 0 dM < dt (3)
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45 & Adaptive-NMS #= Soft NMS #9454 ;
o FE KEHME R AT HE, mARA—ANSHHT

NOH ?LI;E 1 &+ f(./\/l b;, dM,pM)

Pppi(M, bi), dnm > d
f(M,b,-,dM,pM):{O”M( ) v < d

’;EI:“:’D dt ;%—‘/l\ﬂ};");i7 i‘:l:iglﬁh)i 0-30
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e Nearby Object Hallucinators & —A~F47 69+ F 5 B9
CNN F -,

e [ it &Fm & — 2 hallucination;
o R M, REREERLZNNTIE, FHITH umo

Pua (M, bj) = exp(—lbyp — pmll*/207) (4)
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CNN F -,

e [ it &Fm & — 2 hallucination;
o FEH M af, REEETERSYWNLAE, FHTA pmo

Pua (M, bj) = exp(—lbyp — pmll*/207) (4)

EEE
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Detection Head

regression
2fehead

classification

- Nearby Object Hallucinator .
Rol Align 7274256
nearby pedestrian >,
26 head <:
density

Backbone  Feature Map

] 2: NOH-NMS 42 % 7 &
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NOH-NMS Algorithm

input : B=by,--- ,by, S =51, ,sn, D =d1,--- ,dy, P =p1,-, pn, Nt
B is the list of initial detection boxes, S contains corresponding

detection scores, D contains corresponding detection densities,P contains the
parameters of nearby-objects distribution of corresponding detection, N; is the
NMS threshold
begin
F Ak
while B # & do
m < arg max S;
M < bm;
F+ FUM;B+ B—M,;
for b; € B do

if iou(M, bj) > N; then

| si<si- f(M, bj,dag, pa);

end

end

end
return F,S

end
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Implementation Details

® baseline: Faster-RCNN with FPN;

ICitypersons: A diverse dataset for pedestrian detection (CVPR 2017)
2Crowdhuman: A benchmark for detecting human in a crowd(arXiv preprint
arXiv:1805.00123 )
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Implementation Details

® baseline: Faster-RCNN with FPN;
e datasets: CityPersons! ¥4 % CrowdHuman?

® ResNet-50 as the backbone and replace the ROIPooling
operation in the original Faster-RCNN with the RolAlign.

ICitypersons: A diverse dataset for pedestrian detection (CVPR 2017)
2Crowdhuman: A benchmark for detecting human in a crowd(arXiv preprint
arXiv:1805.00123 )
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Results

Methods Extra Anno. Backb Scale ble Bare Partial Heavy

OR-CNN [35] v VGG-16  x1.3 11.0 5.9 13.7 513
MGAN [22] v VGG-16  x1.3 10.5 - - 472

JointDet [3] v ResNet-50  x1.3 10.2 - - -

TLL (MRF) [29] ResNet-50 - 144 B B B

Adapted Faster RCNN [34] VGG-16  X1.3 13.0 - - -
ALFNet [21] VGG-16  x1 12.0 84 114 519
RepLoss [31] ResNet-50  x1.3 11.6 7.0 14.8 55.3
Adaptive-NMS w/ AggLoss [18] VGG-16  X1.3 10.8 6.2 11.4 54.0
Our baseline ResNet-50  x1.3 11.9 7.4 123 53.0
NOH-NMS ResNet-50  x1.3 10.8 6.6 11.2 53.0

Table 1: Performance on the CityPersons validation set. MR is used as the metric (lower is better). Scale is short for input scale.
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Methods N;

AP  Recall MRZ

Greedy-NMS 0.5
Soft-NMS [1] 0.5
Adaptive-NMS [18] 0.5
NOH-NMS 0.5

85.1 87.8 44.7
864  90.6 44.6
87.1 89.2 45.0
89.0 929 43.9

Table 3: Comparison of different NMS methods on the
CrowdHuman validation set. All the methods are implemented
by us, and for fair comparisons, we show the best results from

multiple runs.
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o KR AR KAATA fou 14
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® NMS £ YOLO v8 oy 38 nta &2 m A T, TR T
VER % BOE RIS F ) B AT, SEHRAC T F 209 T4

® Fast NMS 4% 7 — 2 2% 122 F L& 2t IoU 4514,
AR BEH O(N?);

o KR AR KAATA fou 14

o [FALIER A E s Bk ALARGG4E , online KD-Tree st
A F RS T8 o F) kT A O(klog' (N)) 69 84 BA
234
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